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ABSTRACT 
This  r e p o r t  covers t h e  a c t i v i t i e s  of t h e  Nat iona l  Aeronaut ics  and 
Space Administrat ion (NASA) Technology Appl ica t ion  Team (TATeam) Located 
a t  t h e  Research Tr i ang le  I n s t i t u t e  (RTI) f o r  t h e  per iod  from 30 September 
1970 t o  31 March 1971. A c t i v i t i e s  covered by t h i s  r e p o r t  a r e  those  
d i r e c t e d  towards t h e  accomplishment of Tasks g. 1. (a)  and g. 3. (b) , 
A r t i c l e  11, Statement of Work of t he  Schedule of NASA Contract  No, NASbJ- 
1950 and r e l a t e d  t o  t h e  t r a n s f e r  of aerospace sc i ence  and technology t o  
a p p l i c a t i o n s  i n  a i r  p o l l u t i o n  con t ro l .  The work r epor t ed  h e r e  was 
performed by an i n t e r d i s c i p l i n a r y  team i n  t h e  Engineering and Environ- 
mental  Sciences Div is ion  (EESD) of RTI. This  p r o j e c t  i s  under the gene ra l  
d i r e c t i o n  of D r .  J. N. Brown, Jr., Manager, Systems Engineering Department, 
EESD. M r .  C. E, Decker is  t h e  P r o j e c t  Leader and au thor  of t h i s  report. 
A t  the  p re sen t  t ime,  t h e  RTI Technology Appl ica t ion  Team is  s t a f f e d  by:  
D r .  J, N. Brown, Jr . ,  E l e c t r i c a l  Engineer;  M r .  C.  E. Decker, A i r  Pollution 
Chemist; M r .  F. Smith, Engineer;  and M r .  B. W. Crissman, Research A s s i s t a n t ,  
Addi t iona l ly ,  t h e  team draws upon t h e  c a p a b i l i t y  of o t h e r  members of tlse 
RTI s t a f f  a s  needed. A l l  phases of t h i s  p r o j e c t  were coordinated with the  
Technology U t i l i z a t i o n  Div is ion  of NASA and wi th  . the A i r  P o l l u t i o n  Con t ro l  
Of f i ce  (AFCO) i n  Washington, D. C . ,  Durham and Raleigh,  North Carolina, 
Cinc inna t i ,  Ohio, and Ann Arbor, Michigan. 
During t h e  r epo r t ing  per iod ,  t h e  RTI Technology Appl ica t ion  Team 
i d e n t i f i e d  10 new problems f o r  i n v e s t i g a t i o n ,  accomplished 2 technology 
t r a n s f e r s ,  c losed  8 problems, and on 31 March 1971, had a t o t a l  of 28 
problems under a c t i v e  i n v e s t i g a t i o n .  
S i g n i f i c a n t  a p p l i c a t i o n s  of technology involved wind tunnel  desiglr 
c r i t e r i a  and working f l u i d s  f o r  Rankine cyc l e  engines.  In  a d d i t i o n ,  t w o  
technology t r a n s f e r s  i n  t h e  marine sc i ences  a r e a  were completed by the 
TATeana during t h e  r epo r t ing  per iod  and a r e  descr ibed  i n  t h i s  r e p o r t ,  
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l , 0 INTRODUCTION 
1.1 I n t r o d u c t o r y  Comments 
S i g n i f i c a n t  b e n e f i t s  are t o  b e  g a i n e d  by a p p l y i n g  t h e  SL &en1 _ I  c 
and t e c h n o l o g i c a l  r e s u l t s  of f e d e r a l l y  funded r e s e a r c h  and development 
(R and D) programs t o  problem a r e a s  o t h e r  t h a n  t h o s e  t o  which "Lae k 3 
was o r i g i n a l l y  d i r e c t e d .  The s i z e  of t h e  n a t i o n a l  inves tment  i n  R a - ~ i  
programs and t h e  v e r y  s i g n i f  i c a n t  t e c h n o l o g i c a l  achievements  whit;: h s v (  
been r e a l i z e d  i n  t h e  p a s t  decade demand t h a t  a n  e f f o r t  b e  made t o  zp?~. ,  
t h e  r e s u l t s  of t h e s e  programs t o  t h e  s o c i a l ,  economic, environrnen1:~5, -uZ 
h e a l t h - r e l a t e d  s e c t o r s  of o u r  s o c i e t y .  
The N a t i o n a l  Aeronau t ics  and Space A d m i n i s t r a t i o n  (NASA.) has beer - 
l e a d e r  and i n n o v a t o r  i n  t h e  e s t a b l i s h m e n t ,  s t u d y ,  and assessment  o f  
t echno logy  t r a n s f e r  programs s i n c e  s h o r t l y  a f t e r  t h a t  agency w a s  es-k , c " i ~ i l  
by t h e  Space Act of 19.58. Through i t s  Tech B r i e f ,  S p e c i a l  P u b L i c a i i o n s  
Technology Surveys ,  and Regiona l  Dissemina t ion  Cente r  programs, NASA '-1~ 
been s u c c e s s f u l  i n  t r a n s f e r r i n g  t h e  r e s u l t s  of a e r o s p a c e  R and D '(2 
nonaerospace  a p p l i c a t i o n s .  
I n  1966, NASA e s t a b l i s h e d  a program which u s e s  an  a c t i v e ,  d i r c c t e -  
t echnology  t r a n s f e r  methodology. In t h i s  program, NASA e s t a b l i s h e Z  c b ~ - e  
Biomedical  A p p l i c a t i o n  Teams a t  n o t - f o r - p r o f i t  r e s e a r c h  i n s t i t u t e s *  "be 
methodology used i s  a c t i v e  i n  t h a t  t h e  teams, working d i r e c t l y  w i t h  3 
wide  v a r i e t y  of m e d i c a l  r e s e a r c h e r s  and i n s t i t u t i o n s ,  i n i t i a t e  the $d 
"On f i c a t i o n  and d e f i n i t i o n  of problems which may b e  amenable t o  soli l , -  
t h e  a p p l i c a t i o n  of a e r o s p a c e  t echnology ;  i t  is  d i r e c t e d  i n  t h a t  rl?e :ea17i' 
e f f o r t s  a r e  aimed toward s o l v i n g  problems i n  b i o l o g y  and m e d i c i n s  ,n a y e -  
- - 
t o  enhance p r o g r e s s  i n  m e d i c a l  r e s e a r c h  and i n  e s t a b l i s h i n g  more 2 r r s r - ~  
m e d i c a l  c a r e  i n  t h e  Uni ted S t a t e s .  
More r e c e n t l y ,  NASA 'has extended t h e  s c o p e  of i t s  $em a p p s m c h  t ( -  
t echno logy  t r a n s f e r  and h a s  e s t a b l i s h e d  f o u r  Technology AppLicat io7s  l-btlas 
(TATeam) a t  i n t e r d i s c i p l i n a r y  r e s e a r c h  i n s t i t u t i o n s .  The e f f o r t s  ;5 t L;~: 
TATeams a r e  d i r e c t e d  toward t r a n s f e r r i n g  a e r o s p a c e  technology to d;tp,i - 
t i o n s  i n  a number of p u b l i c  s e c t o r  a r e a s .  These p u b l i c  s e c t c r  arec's P i, L ~ C I  
a i r  p o l l u t i o n  c o n t r o l ,  w a t e r  p o l l u t i o n  c o n t r o l ,  mar ine  s c i e n c e s ,  m - r l e  n - " c : r  
t r a n s p o r t a t i o n ,  l a t i  enforcement  and c r i m i n a l i s t i c s ,  and urban consf-::c- c- 
The f o u r  Technology A p p l i c a t i o n s  Teams e s t a b l i s h e d  by NASA are l ? c * i t e c  3 
t h e  f o l l o w i n g  i n s t i t u t i o n s :  
Research T r i a n g l e  I n s t i t u t e  
P o s t  O f f i c e  Box 12194 
Research T r i a n g l e  P a r k  
North C a r o l i n a  27709 
I. I .T ,  Research I n s t i t u t e  
LO West 35 th  S t r e e t  
Chicago, l l l i n o i s  60616 
S t a n f o r d  Research I n s t i t u t e  
333 Ravenswood Avenue 
Menlo Park ,  C a l i f o r n i a  94025 
ABT Associa tes ,  Inc. 
55 Wheeler S t r e e t  
Cambridge, Massachusetts 02138 
This r e p o r t  covers t h e  a c t i v i t i e s  of t h e  Research Tr i ang le  I n s t i t u t e  
(RTI) Technology Appl ica t ion  Team i n  t h e  p u b l i c  s e c t o r  a r e a  of a i r  poPPu- 
t i o n  c o n t r o l  f o r  t h e  per iod  30 September 1970 t o  31March 1971, Marine 
Science d i scuss ions  of Technology Appl ica t ions  Team o b j e c t i v e s  and method- 
ology a r e  presented  i n  t h e  remainder of Sect ion 1.0.  
1.2 Technology Appl ica t ions  Team Program 
The s p e c i f i c  o b j e c t i v e s  of NASA's Technology Appl ica t ions  Team 
program a r e  a s  fol lows:  
(1) T rans fe r  a maximum number of s p e c i f i c  i tems 
of aerospace technology t o  a p p l i c a t i o n s  i n  
a i r  p o l l u t i o n  c o n t r o l  i n  o rde r  t o  s o l v e  o r  
p a r t i a l l y  s o l v e  problems i n  t h e  a r e a  of a i r  
p o l l u t i o n  c o n t r o l ;  
(2 )  Analyze, r e f i n e ,  and document t h e  mannerby 
which t h e  t r a n s f e r  of aerospace technology t o  
a i r  p o l l u t i o n  c o n t r o l  i s  accomplished i n  o rde r  
t o  enhance t h e  understanding of a c t i v e  processes  
of technology t r a n s f e r ;  and 
(3) Motivate  p o t e n t i a l  adopters  of aerospace technology 
i n  a i r  p o l l u t i o n  c o n t r o l  o rgan iza t ions  involved 
i n  genera t ing  advanced technology, and i n d i v i d u a l s  
who can in f luence  technology t r a n s f e r  programs t o  
become a c t i v e l y  involved i n  more comprehensive tech- 
nology u t i l i z a t i o n  programs. 
A d e s c r i p t i o n  of t h e  Technology Appl ica t ions  Team program can be  
f a c i l i t a t e d  by r e fe rence  t o  Fig. 1. Bas ica l ly ,  t h e  team rep resen t s  an 
i n t e r f a c e  and information channel between s c i e n t i s t s  and engineers  i n  the 
A i r  P o l l u t i o n  Control  Of f i ce  (APCO)* of t h e  Environmental P r o t e c t i o n  Agency 
(EPA) and t h e  body of s c i e n t i f i c  and t e c h n i c a l  information t h a t h a s  resulted 
from t h e  n a t i o n ' s  aerospace R and D e f f o r t .  The team a t tempts  t o  couple 
t h e  t echno log ica l  problems and requirements being encountered i n  ABCO w i t h  
r e l e v a n t  aerospace technology and, i n  p a r t i c u l a r ,  NASA-generated technology, 
The team a c t i v e l y  engages i n  i d e n t i f y i n g  t h e s e  problems through d i r e c t  
con tac t  w i t h  t h e  APCO s t a f f ,  t h e  "problem o r i g i n a t o r s . "  The i d e n t i f i c a t i o n  
and s p e c i f i c a t i o n  of problems i s  followed by a search  f o r  technology which 
may be r e l e v a n t  t o  s o l u t i o n s  t o  t h e s e  problems. 
*Prior  t o  March 1, 1971, t h i s  agency w a s  t h e  Nat iona l  A i r  P o l l u t i o n  Cont ro l  
Administrat ion of t h e  Department of Heal th,  Education and Welfare. 
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F igure  1. P o s s i b l e  Mechanisms f o r  Transfer  of Informat ion;  
Hardware. 
Genera l ly s  technology r e l e v a n t  t o  s p e c i f i c  problems i s  i d e n t i f i e d  
through two approaches: (1) manual and computer s ea rch ing  of t h e  
aerospace information bank c rea t ed  by NASA a s  p a r t  of i t s  R and D e f f o r t ,  
and, ( 2 )  d i r e c t  con tac t  w i th  t h e  engineering and s c i e n t i f i c  s t a f f  a t  
NASA F ie ld  Centers .  Information desc r ib ing  technology r ep resen t ing  
p o t e n t i a l  s o l u t i o n s  t o  problems is  channeled through t h e  team t o  t h e  
problem o r i g i n a t o r  f o r  eva lua t ion  and implementation. A l t e r n a t i v e l y ,  the 
team e s t a b l i s h e s  a con tac t  between t h e  problem o r i g i n a t o r  and NASA Field 
Center personnel ,  and thereby t h e  t r a n s f e r  of in format ion  between NASA 
and APCO becomes more d i r e c t .  The more d i r e c t  t h e  t r a n s f e r  of informa- 
t i o n ,  t h e  more r e l e v a n t ,  accu ra t e ,  and complete is  t h i s  t r a n s f e r .  Thus, 
t h e  TATeam a t tempts  t o  c r e a t e  t h e s e  d i r e c t  in te rchanges  whenever app ropr i a t e  
and f e a s i b l e .  
The s u c c e s s f u l  t r a n s f e r  of aerospace technology t o  an i n d i v i d u a l  
o r  group followed by s u c c e s s f u l  implementation of t h e  technology wi th  
r e s u l t i n g  b e n e f i t s  t o  t h e  accomplishment of some o b j e c t i v e  i n  a i r  poLIu- 
t i o n  c o n t r o l  is  c a l l e d  a "technology t ransfer1 '  o r  "technology a p p l i c a t i c n  
A s p e c i f i c  methodology is  app l i ed  by t h e  Technology Appl ica t ions  Tieam 
i n  i t s  e f f o r t s  t o  e f f e c t  technology t r a n s f e r s .  This  methodology i s  discussed 
i n  t h e  fol lowing s e c t i o n .  
1 .3  Methodology 
The methodology used by t h e  TATeam c o n s i s t s  of f o u r  b a s i c  s t eps :  
problem d e f i n i t i o n ,  i d e n t i f i c a t i o n  of r e l e v a n t  technology, eva lua t ion  of 
r e l e v a n t  technology, and documentation. This  methodology can be b e t t e r  
understood, however, i f  i t  i s  broken down i n t o  t h e  seven s t e p s  shown i n  
Fig. 2 -  These s t e p s  a r e  descr ibed  i n  t h e  fol lowing paragraphs. 
Problem screening  -- E f f e c t i v e  problem screening  i s  a t  l e a s t  as 
important  t o  t h e  success  of t h e  TATeam program a s  any of t h e  ope ra t iona l  
s t e p s  i d e n t i f i e d  i n  Fig. 2. Analyses of bo th  t h e  Biomedical Appl ica t ion  
Team and t h e  Technology Appl ica t ions  Team loca t ed  a t  RTI i n d i c a t e  c lea r ly  
t h a t  a very s i g n i f i c a n t  f r a c t i o n  of t h e  problems which have been i n v e s t i -  
ga ted  unsuccessfu l ly  could have been r e j e c t e d  very  e a r l y  i n  d i scuss ions  
w i t h  problem o r i g i n a t o r s .  Problem s e l e c t i o n  c r i t e r i a  have been developed 
w i t h  t h e  o b j e c t i v e  of i nc reas ing  the  average p r o b a b i l i t y  t h a t  a technology 
t r a n s f e r  can be  accomplished f o r  problems accepted by t h e  team. At present, 
t h e  fol lowing c r i t e r i a  a r e  being appl ied :  
Solving t h e  problem would enhance t h e  r e a l i z a t i o n  
of important  o b j e c t i v e s  of t h e  A i r  P o l l u t i o n  
Control  Off ice.  
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The problem h a s  been encounte red  i n  an  ongoing r e s e a r c h  
and development o r  o p e r a t i o n a l  program and is  impeding 
p r o g r e s s  of t h a t  program, 
AND 
-
Solv ing  t h e  problem i s  g i v e n  h i g h  p r i o r i t y  by t h e  
problem o r i g i n a t o r ,  
AND 
-
The problem i s  one of a t  most two a c c e p t e d  by t h e  t e a m  
from an  i n d i v i d u a l  problem o r i g i n a t o r .  
Problems which do n o t  s a t i s f y  t h e s e  c r i t e r i a  are r e j e c t e d .  Problems 
may a l s o  b e  r e j e c t e d  f o l l o w i n g  p a r t i a l  complet ion o f  t h e  n e x t  s t e p ,  problem 
d e f i n i t i o n .  
Problem D e f i n i t i o n  -- The o b j e c t i v e  of t h i s  s t e p  i s  t o  d e f i n e  precise- 
l y  and a c c u r a t e l y  t h e  c h a r a c t e r i s t i c s  of t h e  technology r e q u i r e d  t o  solve 
a problem. It i s  i m p o r t a n t  t h a t  a l l  n e c e s s a r y  c o n s t r a i n t s  a r e  i n c l u d e d  
i n  c h a r a c t e r i z i n g  t h e  r e q u i r e d  technology.  I n  many c a s e s ,  f o l l o w i n g  the 
c h a r a c t e r i z a t i o n  of r e q u i r e d  technology,  i t  is  found t h a t  t h e  problem 
s h o u l d  b e  r e j e c t e d  o r  c l o s e d  f o r  any of a number of r e a s o n s .  These rea- 
sons  i n c l u d e ,  as examples,  t h e  £01-lowing: ( I )  t h e  problem can b e  s o l v e d  
u s i n g  commercially a v a i l a b l e  equipment;  ( 2 )  t h e  problem cannot  b e  s o l v e d  
and an e n t i r e l y  d i f f e r e n t  approach is i n d i c a t e d ;  (3 )  t h e  problem i s  not 
r e l a t e d  t o  a e r o s p a c e  technology;  and (4)  t h e  requ i rements  cannot  b e  s p e c i -  
f i e d  because  i n s u f f i c i e n t  i n f o r m a t i o n  e x i s t s  on t h e  o b j e c t i v e  i n v o l v e d ,  
The end r e s u l t  of problem d e f i n i t i o n  i s  t h e  p r e p a r a t i o n  of a problem 
s t a t e m e n t .  Th i s  s t a t e m e n t ,  t o  b e  complete ,  must c o n t a i n :  (1) A complete 
d e s c r i p t i o n  of t h e  technology need;  ( 2 )  a complete  c h a r a c t e r i z a t i o n  of 
what i s  r e q u i r e d  t o  s o l v e  t h e  problem; and ( 3 )  t h e  b e n e f i t s  t o  b e  r e a l i z e d  
by s o l v i n g  t h e  problem. 
I d e n t i f i c a t i o n  of r e l e v a n t  a e r o s p a c e  technology -- Aerospace tech- 
nology which may b e  r e l e v a n t  t o  t h e  s o l u t i o n  of a problem i s  i d e n t i f i e d  
by t h r e e  approaches .  F i r s t ,  a manual o r  computer s e a r c h  i s  made of the 
aerospace  i n f o r m a t i o n  bank. These s e a r c h e s  a r e  made a t  one of NASA's s ix  
Regional  Dissemina t ion  Cente r s  (RDC). The RDC used by t h e  RTI TATeam i s  
t h e  North C a r o l i n a  Sc ience  and Technology Research Cente r  (NCSTRC) l ~ c e t e d  
i n  t h e  Research T r i a n g l e  Park ,  N. C.  The i n f o r m a t i o n  bank which can be  
a c c e s s e d  through t h e  R D C t s  c o n s i s t s  of t h e  approx imate ly  700,000 documents, 
a r t i c l e s ,  and t r a n s l a t i o n s  which have been a b s t r a c t e d  i n  t h e  S c i e n t i E i c  
and T e c h n i c a l  Aerospace Repor t s  (STAR) and t h e  I n t e r n a t i o n a l  Aerospace 
A b s t r a c t s  ( I A A ) .  Second, problem s t a t e m e n t s  a r e  c i r c u l a t e d  t o  NASA F i e E d  
Cen te r  e n g i n e e r s  and s c i e n t i s t s  who may b e  a b l e  t o  i d e n t i f y  r e l e v a n t  
technology and s u g g e s t  p o s s i b l e  s o l u t i o n s  t o  problems. These s t a temer i t s  
a r e  c i r c u l a t e d  i n  a h i g h l y  s e l e c t i v e  manner w i t h  t h e  d i s t r i b u t i o n  be-ing 
determined by t h e  TATeam, Technology U t i l i z a t i o n  O f f i c e r s  (TU03 ac, the 
F i e l d  C e n t e r s ,  and o t h e r  i n d i v i d u a l s  a t  t h e  F i e l d  Cen te r s .  Third, ti: E 
team i n  some c a s e s  c o n t a c t s  i n d i v i d u a l s  a t  NASA F i e l d  Cen te r s  d i r e c t - y  
w i t h o u t  c i r c u l a t i n g  problem s t a t e m e n t s .  T h i s  i s  done when one c a a  
i d e n t i f y  t h o s e  i n d i v i d u a l s  a t  t h e  F i e l d  Cen te r s  who shou ld  have s E a ~ > c  
overview of  a l l  NASA R and D which is r e l a t e d  t o  t h e  requ i rements  o: ; 
s p e c i f i c  problem, 
F i r s t  e v a l u a t i o n  -- A l l  p o t e n t i a l l y  r e l e v a n t  technology i d e n c l f  ec 
i n  t h e  p reced ing  s t e p  i s  e v a l u a t e d  by t h e  TATeam t o  de te rmine  ii a 
p o t e n t i a l  s o l u t i o n  t o  a s p e c i f i c  problem h a s  been found. Those i t e m s  
o f  technology which r e p r e s e n t  p o t e n t i a l  s o l u t i o n s  t o  problems are 
p r e s e n t e d  t o  problem o r i g i n a t o r s  a long  w i t h  a v a i l a b l e  s u p p o r t i c p  3 ~ : ~  
and i n f o r m a t i o n ,  
Second e v a l u a t i o n  -- The problem o r i g i n a t o r  must then e v a l t a r e  
p o t e n t i a l  s o l u t i o n s .  H i s  d e c i s i o n  t o  implement a proposed s o l u t i o n  - d i - L  
depend upon a number of f a c t o r s  i n c l u d i n g :  ( I )  h i s  assessment  cF : h ~  
v a l i d i t y  of t h e  proposed p o t e n t i a l  s o l u t i o n ,  ( 2 )  t h e  c o s t  of PmpSeme;.;,ng 
t h e  p o t e n t i a l  s o l u t i o n ,  and ( 3 )  t h e  p o t e n t i a l  b e n e f i t s  t o  b e  g a r n c d ,  The 
t e a m  may b e  asked t o  supp ly  a d d i t i o n a l  i n £  ormat ion and t e c h n i c a l  de t -S ,s 
i n  t h i s  e v a l u a t i o n .  
Implementat ion,  f i n a l  e v a l u a t i o n ,  adop t ion  -- The f i n a l  s t e p  .IE r5.e 
t r a n s f e r  p r o c e s s  i s  implementat ion and experrimental e v a l u a t i o n  o f  pa  en- 
t i a l  s o l u t i o n s .  This  is  normal ly  t h e  r e s p o n s i b i l i t y  of the prcL L e 1  
o r i g i n a t o r .  The team i s  a v a i l a b l e  f o r  a s s i s t a n c e  i n  this step . i l ; e I . r  
r e q u i r e d ,  Hopefu l ly ,  when a  p o t e n t i a l  s o l u t i o n  i s  shown t c  be  : --LLC1. 
s o l u t i o n  t o  a  problem, t h i s  s o l u t i o n  i s  adopted by the problem isrig -~z~:or  
and t h e  t r a n s f e r  i s  complete.  
Documentation -- Documentation i s  an  i n t e g r a l  p a r t  s f  the TATet:- 
methodology; i t  is  invo lved  a t  most s t e p s  i n  t h e  p r o c e s s  as ind7ca:el rn 
F i g ,  2 ,  Documentation a l l o w s  a n a l y s i s  of t h e  t r a n s f e r  p r o c e s s  z,s% a,pess- 
ment of t h e  program i n  g e n e r a l .  At p r e s e n t ,  t h e  teams report on wee , l y s  
month3.y , and semi-annual s c h e d u l e s .  E f f e c t i v e  commrsnicatiions betvee  - 
TATeams and p o t e n t i  a1 problem o r i g i n a t o r s  and o t h e r  individuals w>o - r c 
i n  a p o s i t i o n  t o  make u s e  of i n f o r m a t i o n  r e s u l t i n g  from t r a n s f a  s ,:-cn- 
p l i s h e d  by t h e  TATeams is  v i t a l l y  i m p o r t a n t ,  
1 - 4  Technology A p p l i c a t i o n s  Team Composition 
The RTI TATeam i s  a m u l t i d i s c i p l i n a r y  group of e n g i n e e r s  alSJ 
s c i e n t i s t s .  During t h e  r e p o r t i n g  p e r i o d ,  t h e  f o l l o w i n g  individuals Ila,fc 
been invo lved  i n  t h i s  program: 
D r .  J. N ,  Brown, Jr. E l e c t r i c a l  Engineer  and Manager 3:- 
Systems Engineer ing  Department,  
Eng ineer ing  and Environmental  S C < ( T L S ~  
D i v i s i o n  (EESD) 
M r .  C.  E. Decker A i r  P o l l u t i o n  Chemist i n  t h e  Engineering 
Physics  Department, EESD 
M r .  Frank Smith Engineer i n  Engineering Physics  Department, 
EESD 
D r .  L. F. Bal la rd  P h y s i c i s t  and E l e c t r i c a l  Engineer i n  
Engineering Physics  Department, EESD 
M r .  Bob Crissman Research A s s i s t a n t  i n  Environmental Sciences 
Department, EESD 
The experience and s p e c i a l  c a p a b i l i t i e s  of o the r  i nd iv idua l s  of RTI a r e  
f r equen t ly  used i n  t h e  TATeam program on an as-needed b a s i s .  
1 .5  L i s t  of Def in i t i ons  
I n  t h e  Technology Appl ica t ions  Team program a number of terms 
have evolved which desc r ibe  t h e  elements and processes  i n  t h i s  program, 
Because of t h e i r  number and u n f a m i l i a r i t y  t o  many r eade r s ,  t h e s e  t e r n s  
a r e  l i s t e d  and def ined  i n  t h i s  s e c t i o n  f o r  r e f e rence  purposes.  
Problem o r i g i n a t o r  -- An i n d i v i d u a l  a c t i v e l y  involved i n  an e f f o r t  
t o  reach a s p e c i f i c  ob jec t ive  i n  a i r  p o l l u t i o n  c o n t r o l  and faced by a 
s p e c i f i c  technologica l  problem which i s  impeding progress  toward t h a t  
ob jec t ive .  
Technology Appl ica t ions  Team (TATeam) -- A m u l t i d i s c i p l i n a r y  group 
of engineers  and s c i e n t i s t s  engaged i n  problem-solving a c t i v i t i e s  i n  
b io logy  and medicine wi th  t h e  s p e c i f i c  o b j e c t i v e s  o f :  (1) e f f e c t i n g  the 
t r a n s f e r  of aerospace technology t o  s o l v e  o r  a i d  i n  so lv ing  problems i n  
t h e  pub l i c  s e c t o r ;  and (2)  understanding and opt imizing t h e  methodology 
f o r  e f f e c t i n g  such t r a n s f e r s  of technology a s  descr ibed  i n  Sec t ion  1-3 
above. 
Problem -- A s p e c i f i c  and de f inab le  technologica l  requirement that  
cannot be s a t i s f i e d  wi th  known commercially a v a i l a b l e  equipment o r  
through t h e  a p p l i c a t i o n  of information o r  knowledge a v a i l a b l e  t o  t h e  
problem o r i g i n a t o r  through r o u t i n e l y  used in£  ormat i on  chanels .  Probl ems 
accepted f o r  i n v e s t i g a t i o n  by t h e  team a r e  s u b j e c t  t o  problem screening  
c r i t e r i a  which a r e  d iscussed  i n  Sect ion 1.3. Within t h e  context  of the 
Technology Appl ica t ion  Team program a s  i t  r e l a t e s  t o  t h e  A i r  P o l l u t i o n  
Control  Of f i ce ,  i t  i s  e x p l i c i t l y  assumed t h a t  problems i n v e s t i g a t e d  by 
t h e  team a r e  t hose  which a r e  impeding progress  toward reaching an 
o b j e c t i v e  t h a t  involves reducing a i r  p o l l u t i o n  i n  t h e  United S t a t e s  
and maintaining reduced l e v e l s  of a i r  po l lu t ion .  
Technology t r a n s f e r  -- The adoption and a p p l i c a t i o n  of an  i tem 
of aerospace technology by a problem o r i g i n a t o r  t o  s o l v e  o r  a i d  i n  
so lv ing  a problem i n  the pub l i c  s e c t o r .  The pub l i c  s e c t o r  a p p l i c a t i o n  
involved i s  one which i s  d i f f e r e n t  from t h a t  a p p l i c a t i o n  f o r  which t h e  
aerospace technology was o r i g i n a l l y  developed. 
Problem s t a t e m e n t  -- A c o n c i s e  w r i t t e n  s t a t e m e n t  of a  problzx EL: 
communicating t o  i n f o r m a t i o n  s e a r c h  s p e c i a l i s t s  s u f f i c i e n t  d e t a i l s  tc 
a l l o w  a computer s e a r c h  t o  be  performed,  and f o r  communicating to N A D A  
e n g i n e e r s  and s c i e n t i s t s  s u f f i c i e n t  i n f o r m a t i o n  t o  m o t i v a t e  ther rrc: 
" rn~l)' C c o n s i d e r  p o s s i b l e  s o l u t i o n s  t o  t h e  problem and a l l o w  them t o  d e t -
i f  and i n  what way t h e y  can assist i n  s o l v i n g  t h e  problem. 
Computer i n f o r m a t i o n  s e a r c h  -- A computer ized i n f o r m a t i o n  seasrc7x cf 
t h e  a e r o s p a c e  i n f o r m a t i o n  bank e s t a b l i s h e d  by NASA and made avail;n?>le thr3ugh 
s i x  Regional  Dissemina t ion  C e n t e r s  i n  t h e  Uni ted  S t a t e s .  Th is  i nfol - -a t ion  
bank c o n s i s t s  of t h e  approx imate ly  700,000 documents which have seen i-dexed 
and a b s t r a c t e d  i n  t h e  S c i e n t i f i c  and T e c h n i c a l  Aerospace  report^ (STAR: ant 
I n t e r n a t i o n a l  Aerospace A b s t r a c t s  (IAA) . A p p l i c a t i o n s  e n g i n e e r s  at :hese 
c e n t e r s  d e s i g n  s e a r c h  s t r a t e g i e s  u s i n g  i n f o r m a t i o n  i n  problem starem-xts- 
These  s e a r c h  s t r a t e g i e s  a l l o w  one t o  i d e n t i f y  t h o s e  documents -ir t he  i-fcrr- 
a t i o n  bank which are r e l e v a n t  t o  t h e  s o l u t i o n  of a  s p e c i f i c  p r o k l e r ~ ,  











Technology A p p l i c a t i o n  Team 
Biomedical  A p p l i c a t i o n s  Team 
North C a r o l i n a  Sc ience  and Technology Researck fencer 
Regiona l  Dissemina t ion  Cente r  
Research T r i a n g l e  I n s t i t u t e  
S c i e n t i f i c  and T e c h n i c a l  Aerospace Reporeo 
Technology U t i l i z a t i o n  O f f i c e r  
Langley Research Cente r  
M a r s h a l l  Space F l i g h t  Cen te r  
A i r  P o l l u t i o n  C o n t r o l  O f f i c e ,  Environmert2i 
P r o t e c t i o n  Agency 

2.0  TRANSFERS mTD POTENTIAL TRANSFERS OF AEROSPACE TECHNOLOGY 
2 , l  Summary 
Of t h e  76 t e c h n o l o g i c a l  r equ i rements  which have been i c e r r , ?  c-c 
and s p e c i f i e d  by t h e  RTI TATeam i n  working w i t h  t h e  A i r  P o E l ~ l t i a r  '31, 33 
O f f i c e ,  p o t e n t i a l  s o l u t i o n s  have invo lved  1 8  i t e m s  of NASA-gener,tt~d a - - c -  
s p a c e  t echnology ,  t h r e e  i t ems  c f  nocaerospace  r e l a t e d  t e c h n c l o g p ,  r p e  h c ~  
of technology r e s u l t i n g  from an  R and D program i n  J a p a n ,  and one  -*ILL;& r a e n t  
developed a t  t h e  U n i v e r s i t y  of Minnesota  (funded by NASA) for a c L L c  S 2 2  
d i f f e r e n t  i t ems  of technology.  These f i g u r e s  do n o t  i n c l u d e  i t m i  c: 15ch- 
nology which have been uncovered by t h e  TATeam and a r e  b e i n g  evai~iarel-  )I, 
t h e  problem o r i g i n a t o r  o r  have been p r e s e n t e d  t o  t h e  problem J ~ ~ F ~ C  Ir o c 
no a c t i o n  be ing  t aken  by him. 
Of t h e  76 t e c h n o l o g i c a l  r equ i rements  which have been ideneft- . :c  a, .$ 
a c c e p t e d  a s  problems f o r  i n v e s t i g a t i o n  by t h e  TATean, n i n e  have 
i n  technology t r a n s f e r s  ; seven of t h e s e  were r e p o r t e d  i n  p r e v i o u ~  5Y1 - e s o r t s ,  " 
During t h e  p e r i o d  30 September 1970 t o  31 March 1971, two technslogy a \ - p l i c z -  
t i o n s  were  accomplished and documented by t h e  RTI TATeam. 
2-2 Technology T r a n s f e r s  Accomplished & r i n g  t h e  Keport inq F u z r  t i  
Two technology t r a n s f e r s  accomplished by t h e  TATeam dlurrL3 < t-( e 
r e p o r t i n g  p e r i o d  a r e  d i s c u s s e d  i n  t h i s  s e c t i o n ,  Technology appkics;:c- 
r e p o r t s  which a r e  more complete i n  d e t a i l  a r e  a t t a c h e d  t o  :his T E ~ ~ T -  
Appendix A. 
PtTTfAP-33, "Working F l u i d s  f o r  Rankine Cycle  Engines9'  
The Motor V e h i c l e  Research and Development D i v i s i o n  of AFCQ i r  
r e s p o n s i b l e  f o r  deve lop ing  i n h e r e n t l y  Pow-emission v e h i c l e s  te ;;a[: - 
f u t u r e  a i r  p o l l u t i o n  s t a n d a r d s .  The i n t e r n a l  combustion englne L> 
one of t he  major  s o u r c e s  of a i r  p o l l u t i o n  on t h e  highway and i7 2 -a? 
a r e a s ,  An a l t e r n a t i v e  t o  t h e  i n t e r n a l  com$ustion e n g i n e ,  the F 3 7  X : 7  , 
Cycle Engine,  o f f e r s  s i g n i f i c a n t  improvements i n  t o t a l  p a l l  z l t i c -3  e>tlt:s ..c>s, 
Major problems i n  t h e  development of t h e  Rankine Cycle Englt-19 F t q i  o0 
developing a b e t t e r  working f l u i d  and o p t i m i z i n g  t h e  o v e r a l l a l l '  I 
d e s i g n ,  
The N a t i o n a l  A e r o n a u t i c s  and Space A d m i n i s t r a t i o n  a t  its Lea:_$ 
Research Cente r  h a s  devoted c o n s i d e r a b l e  e f f o r t  towards advancin~ i.a:hL ~k 
Cycle  Engine technology.  More s p e c i f i c a l l y ,  t h e y  have s t u d i e d  I j - c e  
numbers of working f l u i d s  and have advanced Rankine Cycle Engine  zesi; 
concep ts .  R e s u l t s  of t h i s  work have been channeled i a t o  tbc  M c c ~  s 
Tiebicle Research and Development D i v i s i o n  of t h e  A i r  PoElut i  on Ti;-. I -71 
O f  f i e e ,  
* - " " k p p l i c a t i o n  of Aerospace Technology i n  A i r  P o l l u t i o n  Control , ' SL-ln? - Y- is' 
" 7 Repor t s ,  March-September 1970 and September 1970-March 1971, R e s e ~ i ~ ,  
-7 ,in% L C  
I n s t i t u t e ,  Research T r i a n g l e  Park ,  North C a r o l i n a .  
The r e s u l t s  of work done at Lewis Research Center regard ing  working 
f l u i d s  have been inva luab le  t o  t h e  APCO resea rche r .  These d a t a  a r e  be ing  
used by APCO i n  spec i fy ing  performance and design parameters and working 
f l u i d s  f o r  a  p ro to type  Rankine Cycle automobile engine. These spec i f i ca -  
t i o n s  w i l l  be  included i n  a  procurement by APCO f o r  t h e  development of a 
pro to type  engine. 
RTI/AP-55, "Wind Tunnel Design C r i t e r i a "  
The A i r  P o l l u t i o n  Control  Of f i ce  is  now i n  t h e  process  of r e l o c a t i n g  
t h e i r  f a c i l i t i e s  i n  t h e  Research Tr i ang le  Park,  North Caro l ina ,  and i s  
planning t o  cons t ruc t  two, on - s i t e ,  low-speed wind tunne l s  f o r  u se  i n  
access ing  t h e  behavior  of p a r t i c u l a t e s  i n  s t a c k  gases .  Basic  design 
c r i t e r i a  were needed t o  i nco rpora t e  t h e  b e s t  combination of design factors 
t o  ob ta in  the  optimum conf igu ra t ion ,  e l imina te  w a l l  e f f e c t s ,  and minimize 
t h e  s i z e  of t h e  tunnel .  
The Nat iona l  Aeronautics and Space Administrat ion has pioneered i n  
t h e  development of wind tunnels  f o r  s p e c i a l  a p p l i c a t i o n s  i n  space  and 
ae ronau t i c s  r e sea rch  and development. NASA'S e ~ p e r i e n c e  i n  t h i s  f i e l d  
has  allowed APCO t o  s p e c i f y  system performance parameters and accept ,mce 
c r i t e r i a  which i n s u r e  t h a t  t h e  system they  r ece ive  w i l l  s a t i s f y  thei-r  
requirements f o r  f u r t h e r  i n v e s t i g a t i o n  of p a r t i c u l a t e  flow cha rac t e r i s -  
t i c s .  Information obtained through t h e  l i t e r a t u r e  search  of t h e  NASA 
d a t a  banks and from F ie ld  Center response by Richard Kuhn, Langley 
Research Center ,  has  been used by APCO t o  s p e c i f y  humidity c o n t r o l s ,  
combustion u n i t  s i z e ,  s t r a i g h t  vane a r e a ,  sampling a r e a ,  dus t  c o l l e c t o r s ,  
blower s i z e ,  and tunnel  clean-up procedures f o r  two aerodynamic t e s t  
f a c i l i t i e s  t o  be  loca t ed  i n  t h e  Research Tr i ang le  Park,  North Caro l ina ,  
In  a d d i t i o n ,  t h e  problem o r i g i n a t o r  is  nego t i a t i ng  wi th  M r .  Kuhn 
regard ing  t h e  p o s s i b i l i t y  of NASA's i n v e s t i g a t i n g  p a r t i c u l a t e  flow 
c h a r a c t e r i s t i c s  using wind tunne l  and p a r t i c u l a t e  and gas flow f i e l d  
v i s u a l i z a t i o n  techniques a t  NASA's Langley Research Center.  
These wind tunnels  w i l l  be  i n s t rumen ta l  i n  APCO's at tempt  t o  
a s s e s s  t h e  behavior  of p a r t i c u l a t e s  i n  s t a c k  gases  and u l t i m a t e l y  t o  
develop c o n t r o l  equipment f o r  p a r t i c u l a t e s  emi t ted  t o  t h e  atmosphere 
from s t a t i o n a r y  sources .  Reduction of p a r t i c u l a t e  emissions from 
s t a t i o n a r y  and mobile sources  i s  of prime importance i n  t h e  c o n t r o l  of 
a i r  p o l l u t i o n  and t h e  p r o t e c t i o n  of our environment. 
2 . 3  NASA Technology Relevant t o  Solu t ion  of Problems i n  A i r  
P o l l u t i o n  Control  
In  t h i s  s e c t i o n ,  NASA technology which has been i d e n t i f i e d  by 
t h e  TATeam a s  r e l e v a n t  t o  t h e  s o l u t i o n  of t h e  2 8  problems p r e s e n t l y  
being i n v e s t i g a t e d  is  b r i e f l y  d iscussed .  The s p e c i f i c  problems involved 
a r e  i n  va r ious  s t a g e s  of t h e  t r a n s f e r  process  and a r e  descr ibed  i n  
Sec t ion  3.1. P o t e n t i a l  and p ro j ec t ed  technology t r a n s f e r s  descr ibed  
i n  t h i s  s e c t i o n  a r e  considered a c t i v e .  
2.3.1 P o t e n t i a l  Technology Trans fe r s  
RTI/AP-26, "Development of an Advanced P o l l u t a n t  Sensor 
f o r  T o t a l  ~ ~ d r o c a r b o n s "  
I n  May 1969, t h e  TATeam def ined  two problems wi th  t h e  A i r  
P o l l u t i o n  Cont ro l  Of f i ce  regarding advanced senso r s  f o r  measuring methane 
(CH ) and t o t a l  hydrocarbons (THC) i n  ambient a i r ,  au to  exhaust ,  and stack 
eff i iuents .  A p o t e n t i a l  s o l u t i o n  involv ing  an indium-sesquioxide thin-ff im 
combustible gas  d e t e c t o r  developed under c o n t r a c t  t o  NASA by General 
E l e c t r i c  Company was suggested by T. N. Marsha l l ,  Marsha l l  Space Flight 
Center.  The p r i n c i p l e  of ope ra t ion  i s  based on t h e  change i n  e l e c t r i c a l  
r e s i s t a n c e  of t h e  indium-oxide th in- f i lm when exposed t o  v a r i o u s  concen- 
t r a t i o n s  of a combustible gas .  Although developed f o r  d e t e c t i n g  hydrogen, 
t h e  device  w i l l  respond t o  hydrocarbons and methane; however, i t s  m~ximr i sm 
s e n s i t i v i t y  and d e t e c t i o n  range i s  unknown. 
A device  u t i l i z i n g  t h e  indium-sesquioxide th in- f i lm sensor  was  stained 
from General E l e c t r i c  and rece ived  a t  RTI on 3 A p r i l  1970. A preliminary 
eva lua t ion  w a s  done and t h e  r e s u l t s  appeared t o  b e  encouraging, A copy 
of t h e  p a t e n t  c laim covering t h e  device  has been forwarded t o  t h e  problem 
o r i g i n a t o r ,  M r .  R. K. Stevens. M r .  Stevens has agreed t o  eva lua t e  the 
device  f o r  p o s s i b l e  u s e  a s  an advanced sensor  f o r  hydrocarbons. Other 
p o s s i b i l i t i e s  f o r  undertaking t h i s  eva lua t ion  a r e  under cons ide ra t ion ,  
RTI/AF-48, "Modifications t o  Mass Spectrometry t o  Enhance Its Performance 
i n  A i r  P o l l u t i o n  Monitoring" 
A number of requirements  w i th in  APCO f o r  automatic  a i r  poPlLution 
monitor ing equipment have been i d e n t i f i e d .  The p o l l u t a n t s  involved inelude 
NO , CO, C02 and SOx. A number of innovat ions  by NASA i n  mass specern- 
merry a r e  being i n v e s t i g a t e d  t o  determine t h e  f e a s i b i l i t y  of t h e i r  being 
app l i ed  i n  t h e  a r e a  of automatic  a i r  q u a l i t y  monitoring. D i f f i c u P t i e s  
encountered i n  applying m a s s  spectrometry i n  a i r  p o l l u t i o n  monitor ing 
have l i m i t e d  t h e  use  of t h i s  h igh ly  s e l e c t i v e  a n a l y t i c a l  technique.  The 
primary l i m i t a t i o n s  a r e  l a c k  of s e n s i t i v i t y  t o  measure ambient levels 
of a i r  p o l l u t a n t s ,  h igh  c o s t ,  s i z e  of t h e  ins t rumenta t ion ,  l a c k  of d a t a  
a n a l y s i s  c a p a b i l i t y ,  and s imple,  automatic  sampling. Improvement in any 
one of t h e s e  f i v e  a r e a s  would broaden t h e  a p p l i c a b i l i t y  of mass speeLro- 
metry i n  a i r  p o l l u t i o n  research .  
S p e c i f i c  NASA con t r ibu t ions  i n  m a s s  spectrometry which a r e  being 
eva lua ted  f o r  a p p l i c a b i l i t y  i n  a i r  p o l l u t i o n  monitoring a r e  descr ibed  
b r i e f l y  i n  t h e  fol lowing paragraphs: 
( I )  D r .  Tom Edwards of Plarshall  Space F l i g h t  Center has been working 
on t h e  use  of mass spectrometers  i n  measuring contaminants i n  t h e  upper 
atmosphere. The con t r ibu t ion  of h i s  work i s  i n  t he  a r e a  of automated 
s p e c t r o a n a l y s e s  using a s i g n a t u r e  s t o r a g e  and comparison approach, A 
r e l a t i v e l y  inexpensive mass spectrometer  and d i g i t a l  computer can be used 
i n  t h i s  system. 
(2) M r .  Wesley Easley of Langley Research Center has  been developing 
methods of Tmproving the  r e s o l u t i o n  and o v e r a l l  s e n s i t i v i t y  of mass 
spec t rometers  by sample concent ra t ion  techniques,  where gases  a r e  
absorbed on a column over  a per iod  of time and subsequent ly r e l ea sed  
during a temperature cyc l e  of about 100°6. Development work i s  con t inu i r~g  
on t h i s  technique to  s imp l i fy  t h e  operat ional .  procedures  and t o  automate 
t h e  d a t a  a n a l y s i s .  
(3) NASA has  been a b l e  t o  reduce the  s i z e  of mass spec t rometers  
through m i n i a t u r i z a t i o n  of e l e c t r o n  devices  and development of t h e  
quadrapole ana lyzer .  The convenience and c o s t  sav ings  which r e s u l t  from 
t h e  reduced s i z e  may make t h i s  instrument  f e a s i b l e  f o r  a i r  p o l l u t i o n  
monitor ing i n  those cases  where t h e  lower l i m i t  of d e t e c t i o n  can be 
achieved. 
( 4 )  D r .  P e t e r  H. Dawson and M r .  Jon Hedman a r e  r e spons ib l e  f o r  
t h e  development of a "Wire Mesh Analyzer" instrument  a t  General E l e c t r i c  
Company, West Lynn, Massachusetts;  t h i s -work  w a s  f u n d e d b y  NASA. The 
a n a l y t i c a l  instrument  i s  very smal l  and weighs approximately two ounces. 
It c o n s i s t s  of t h r e e  opposing e l e c t r o d e s  i n  a high vacuum system. The 
top and bottom e l e c t r o d e s  approximate parabolo ids  of r evo lu t ion  wi th  a 
c i r c u l a r  e l e c t r o d e  i n  t h e  cen te r .  Ionized gases  a r e  s t o r e d  f o r  a period 
of time and then pulsed through ho le s  i n  one of t h e  e l e c t r o d e s  and 
de t ec t ed  by a photomul t ip l ie r .  It is  es t imated  t h a t  t h e  p r i c e  of such a 
u n i t  can even tua l ly  be reduced t o  t h e  order  of hundreds of d o l l a r s  which 
would b e  a major breakthrough i n  mass spectrometry.  
2.3.2 P ro j ec t ed  Technology Trans fe r s  
Brief  d e s c r i p t i o n  of NASA technology i d e n t i f i e d  a s  being 
a p p l i c a b l e  t o  s p e c i f i c  problems, b u t  no t  developed t o  t h e  p o t e n t i a l  
t r a n s f e r  s t a g e ,  a r e  presented  i n  t h i s  s e c t i o n .  It i s  es t imated  tha~: 
from t h r e e  t o  s i x  months w i l l  be  requi red  t o  complete each app1ica"iz:ion. 
RTIfAP-58, " ~ i r e c t  Measurement of Flame Temperature  i n  Combustion F ~ - ~ c e s s e s '  
To test  t h e  h y p o t h e s i s  t h a t  n i t r o g e n  o x i d e  emiss ions  can be m i r r i ~ i z e ?  
by s e l e c t i o n  of p r o p e r  b u r n e r  d e s i g n  and f l ame  t e m p e r a t u r e ,  a  direc,- nun- 
i n t e r f e r i n g  t e c h n i q u e  i s  needed t o  s t u d y  and map t e m p e r a t u r e  profiles and 
p a t t e r n s  i n  t h e  f lame w i t h o u t  d i s t u r b i n g  t h e  f lame i t s e l f ,  
Techniques developed by NASA f o r  measur ing t empera tu re  i n  rgckc t  
e x h a u s t s  appear  t o  b e  d i r e c t l y  a p p l i c a b l e  t o  t h e  s o l u t i o n  of t h i s  pl*ok;en, 
Responses t o  t h e  problem s t a t e m e n t  by F i e l d  Cen te r  p e r s o n n e l  h a s  b e w  
e x c e l l e n t ,  These r e s p o n s e s  a r e  be ing  e v a l u a t e d  by t h e  problem o r i g  n a t a r .  
The h o l o g r a p h i c  t e c h n i q u e  f o r  f l ame  tempera tu re  measurement i s  the ,rive 
c a n d i d a t e  s o l u t i o n  a t  t h i s  t ime.  
RTI/AP-61, ""Mathematical Model f o r  P r e d i c t i o n  of P o l l u t a n t  For~aaataor~ --- 
During Combus t i o n  
Experiments r u n  by APCO p e r s o n n e l  have shown t h a t  v a r i a b l e s  w h i c . ~  
a f f e c t  p o l l u t a n t  fo rmat ion  dur ing  combustion a r e  f u e l  a t o m i z a t t o a ,  avapc- 
r a t i o n ,  p a r t i c l e  s i z e ,  b u r n e r  and combustion chamber d e s i g n ,  chmSe- 
m a t e r i a l s ,  f u e l / a i r  r a t i o ,  f l ame  tempera tu re  and t u r b u l e n c e ,  R e c a ~ ~ c  o f
t h e  l a r g e  number of v a r i a b l e s  t h e  r e s e a r c h e r  needs  i n f o r m a t i o r  t h a  - tii.7" 
a l l o w  him t o  de te rmine  which of t h e  v a r i a b l e s  a r e  t h e  most c r l r i c a l  tc 
p o l l u t a n t  fo rmat ion .  Th is  can b e  accomplished by a mathemat ical  rnoie- 
which d e s c r i b e s  t h e  combustion p r o c e s s .  Although such a model w i  ii i-r~23;PE 
r e q u i r e  many s i m p l i f y i n g  assumptions ,  i t  shou ld  p r e d i c t  t h e  e f f e c t s  
numerous c r i t i c a l  v a r i a b l e s  on t empera tu re ,  c o n c e n t r a t i o n ,  and j c - o  -ty 
p r o f i l e s  w i t h i n  t h e  f lame.  
A s e a r c h  of t h e  a e r o s p a c e  l i t e r a t u r e  y i e l d e d  a t  l e a s t  e i g h t  (3' ~ i - , a c r c n : x k i ~ d  
models and computer programs d e a l i n g  w i t h  t h e  combustion p r o c e ? ? ,  1;'~ 3
p l a n s  t o  have  t h e s e  programs e v a l u a t e d  under c o n t r a c t  and t o  ncdiCv  ern 
i f  n e c e s s a r y ,  t o  f i t  t h e i r  needs .  Recent work done by Richard  J, l3 1 .I:, 
Lewis Research C e n t e r ,  is  a l s o  d i r e c t l y  r e l a t e d  t o  t h i s  probl~iim. 
RTI/N-66, " ~ i f f e r e n t i a l  P r e s s u r e  Transducer  f o r  I s o k i n e t i c  S t a c k  3 i c  
- ---- --- 
SampPing'" 
A P C O  h a s  des igned  a  compact, p o r t a b l e ,  s t u r d y ,  s t a c k  sampltng Gysten: 
c a p a b l e  of c o l l e c t i n g  s o l i d s ,  m i s t s  and gaseous  p o l l u t a n t s  f r o n  masc 
chemical  and combustion p r o c e s s e s ,  The p r o p e r  o p e r a t i o n  of t h - ~ s  eyvipmeirc  
r e q u i t e s  con t inuous  d i f f e r e n t i a l  p r e s s u r e  measurements a t  t h r e e  drFieren; 
p o i n t s  i n  t h e  system. During a  d a t a  c o l l e c t i o n  r u n ,  two of the rcizn3iiictere 
have t o  b e  v i s u a l l y  moni tored i n  o r d e r  f o r  a d j u s t m e n t s  t o  be  made t- ,ilstire 
t h a t  t h e  sampling r a t e  i s  i s o k i n e t i c  a s  i t  must be .  Replacement o r  - a  e 
manometers w i t h  t r a n s d u c e r s  c a p a b l e  of measuring d i f f e r e n t i a l  p r e s s i r e  
i n  t h e  range  f ,  001 t o  1 0  i n c h e s  N 0 )  would make a u t o m a t i c  d i g r z a l  L ~ I  2 
ana log  r e a d o u t  and a u t o m a t i c  c o n t r o l  of sampling f low r a t e  p o s s - b l n  
A d i f f e r e n t i a l  p re s su re  t ransducer  developed t o  meet t h e  requi re -  
ments of M r .  H. G .  Harmon, Marshal l  Space F l i g h t  Center,  appears  t o  Re 
a p p l i c a b l e  t o  t h e  s o l u t i o n  of t h i s  problem. An eva lua t ion  of t h e  t ransducer  
i s  being made a v a i l a b l e  f o r  review by t h e  problem o r i g i n a t o r .  
RTI/AP-67, "Fine P a r t i c u l a t e  ~ o l l e c t o r s "  
Devices a r e  needed f o r  c o l l e c t i n g  and preserv ing  samples of f i n e  
p a r t i c u l a t e  ma t t e r  from i n d u s t r i a l  p rocesses  and secondary sources  
such a s  rock q u a r r i e s  and ae roso l s .  Severa l  techniques a r e  used t o  
c o l l e c t  p a r t i c u l a t e  m a t t e r ;  however, t h e  c o l l e c t i o n  of p a r t i c u l a t e s  w i t h  
diameters  below about two microns p re sen t s  cha l lenging  problems i n  the 
design and a p p l i c a t i o n  of c o l l e c t i o n  devices .  
A search  of t h e  aerospace l i t e r a t u r e  was conducted and given to the 
r e sea rche r .  Severa l  documents desc r ib ing  c o l l e c t i o n  devices  appear to 
b e  a p p l i c a b l e  t o  t h i s  problem. 
RTI/AF-69, "Evaluating t h e  Rocket Engine a s  a Source of Atmospheric 
Beryllium'" 
The Nat iona l  Inventory of A i r  P o l l u t i o n  Emissions and Control. Branch,  
Div is ion  of A i r  Qual i ty  and  mission Data of t h e  A i r  P o l l u t i o n  Contra1 
Of f i ce  has been ass igned  t h e  t a sk  of developing a nationwide inventory cf 
a i r  p o l l u t i o n  sources  inc luding  d a t a  on composition and q u a n t i t y  of 
p o l l u t a n t s .  One p o l l u t a n t  of primary i n t e r e s t  is  atmospheric b e r y l l i u n .  
The rocke t  engine is be l i eved  t o  be  t h e  major source  of atmospheric 
bery l l ium,  To eva lua t e  t h i s  source t h e  r e sea rche r  i s  i n t e r e s t e d  i n  
ob ta in ing  any t h e o r e t i c a l  work t h a t  has  been done i n  p r e d i c t i n g  t h e  emission 
r a t e s  of bery l l ium and bery l l ium compounds f o r  f u t u r e  rocke ts  using fue l  
conta in ing  beryl l ium. 
A search  of t h e  aerospace l i t e r a t u r e  has  i n d i c a t e d  s e v e r a l  documents 
t r e a t i n g  t h i s  problem. S ix  documents have been de l ive red  t o  t he  
r e sea rche r  f o r  h i s  eva lua t ion .  
RTE/AP-73, "Errors  i n  Measurement of P a r t i c u l a t e  ? l a t t e r  i n  TurbuPext-Gag - 
Streams" 
The A i r  P o l l u t i o n  Control  Of f i ce  i s  designing an on - s i t e  low speed 
wind tunnel  f o r  use i n  a s se s s ing  t h e  flow c h a r a c t e r i s t i c s  of s t a c k  gases 
and even tua l ly  i n  i n v e s t i g a t i n g  t h e  behavior  of p a r t i c u l a t e s  i n  s t a c k  gases. 
One measuring system considered f o r  use  i n  instrumenting the  wind tunae l  
i s  a sampling t r a i n  u t i l i z i n g  an e x t r a c t i v e  sampling probe. In  evaluat-i~ag 
t h i s  system t h e  r e sea rche r  needs any experimental  d a t a  and/or  t h e o r e t i c a l  
s t u d i e s  which desc r ibe  the magnitude and d i r e c t i o n  of measuring e r r o r s  as 
a func t ion  of environmental parameters ( i .  e .  , flow v e l o c i t y ,  p a r t i c l e  s i t e ,  
ang le  of a t t a c k ,  e t c , )  and probe design. 
A search  of t h e  aerospace l i t e r a t u r e  has  i d e n t i f i e d  s i x  docurn~snts 
t r e a t i n g  sampling e r r o r  a s  a func t ion  of probe design.  Four of t hese  
documents have been forwarded t o  t h e  researcher .  
2.4 Related A c t i v i t i e s  i n  Marine Sciences 
The marine sc i ences  e f f o r t  of t h e  RTI TATeam w a s  phased o u t  
approximately s i x  months ago wi th  t h e  understanding t h a t  problems under 
a c t i v e  i n v e s t i g a t i o n  would b e  continued under t h e  a i r  p o l l u t i o n  effort, 
Since t h i s  t ime,  two s i g n i f i c a n t  technology a p p l i c a t i o n s  have been 
accomplished i n  t h e  marine sc i ences  a rea .  In  o rde r  t o  g ive  proper  recog- 
n i t i o n  and wider p u b l i c i t y  t o  t h e s e  a c t i v i t i e s ,  t h e  technology transfer 
documentation f o r  t h e s e  problems is being included i n  t h i s  r e p o r t ,  Tech- 
nology t r a n s f e r  r e p o r t s  which a r e  more complete i n  d e t a i l  a r e  attached to 
t h l s  r e p o r t  i n  Appendix B. 
R T I / O C - ~ ~ ,  'Minia tur ized  Mass ~ p e c t r o m e  t e r "  
A sma l l  mass spectrometer  s u i t a b l e  f o r  u se  aboard a researich vessel 
or i n  an underwater h a b i t a t  t o  s tudy  t h e  n a t u r e  of r e s p i r a t o r y  a c t i v i t y  
accompanying ~ h o t o s y n t h e s i s  i n  primary marine l i f e  w a s  needed. A small 
double-focusing mass spectrometer  weighing approximately 28 pounds and 
measuring 10 x 10  x 11 inches ,  designed by t h e  NASA F l i g h t  Research Canter 
t o  analyze expi red  gases  aboard s p a c e c r a f t ,  ha s  been loaned t o  the 
Univers i ty  of Miami Research Team and i s  p r e s e n t l y  being used i n  an under- 
water  h a b i t a t .  
RTI/OC-10, ""Measurement of t h e  Osmo-Regulation of Blue crabs" 
A system cons i s t i ng  of a sensor  f o r  measuring the  i o n i c  concentra- 
t i o n  i n  t h e  hernolymph of a b l u e  c rab  and t h e  a s soc i a t ed  e l e c t r o n i c s  
f o r  processing and te lemeter ing  t h e s e  d a t a  a s h o r t  d i s t a n c e  (on the 
orde r  of t h r e e  f e e t )  through s e a  water  was needed. Researchers a t  the 
NASA Langley Research Center designed,  f a b r i c a t e d  and de l ive red  t o  t h e  
problem o r i g i n a t o r  a min ia tu re  FM/M type  te lemet ry  t r a n s m i t t e r  weigheng 
approximately one ounce and measuring 1 x l / 2  x 1 / 4  inches.  A small 
conduct iv i ty  probe se rves  a s  t h e  sensor  and t h e  sys  tem t r ansmi t s  through 
up t o  f i v e  f e e t  of s e a  water .  

3 . 1  Problem S t a t u s  
During t h e  p e r i o d  30 September 1970 t o  3 1  March 1971, the R'TI 
Technology A p p l i c a t i o n s  Team a c c e p t e d  t e n  new problems f o r  investigation, 
Problem s t a t e m e n t s  f o r  e i g h t  of t h e s e  problems have been  p r e p a r e d  an3  
a r e  i n c l u d e d  i n  Appendix C. 
During t h e  r e p o r t i n g  p e r i o d ,  n i n e  problem s tatements--RTI/AP-&- a 
RTI/AP-52, RTI/AP-53, RTI/AP-61, RTI/AP-68, RTI/AP-~O, R T I / A P - ~ ~ ,  
RTI/Ap-72, and ~ ~ 1 / ~ - 7 6 - - w e r e  c i r c u l a t e d  t o  NASA F i e l d  C e n t e r s *  
Because of t h e  n a t u r e  of some of t h e s e  problems,  i t  was p o s s i b l e  t o  
i d e n t i f y  i n d i v i d u a l s  a t  t h e  c e n t e r s  who, because  of t h e i r  t e c h n i c a l  
r e s p o n s i b i l i t i e s ,  shou ld  b e  a b l e  t o  respond t o  p a r t i c u l a r  problems,  3 
t h e s e  c a s e s ,  i t  was recommended t o  t h e  NASA Technology U t i l i z a t L o a  C Z C 3 -  
c e r s  (TUO) t h a t  t h e s e  i n d i v i d u a l s  s h o u l d  r e c e i v e  t h e  problem stacemeu'ts. 
D i s t r i b u t i o n  l i s t s  compiled from t h e  NASA F l a s h  Index and F i e l d  S e n t a r  
D i r e c t o r i e s  were  a l s o  sugges ted  t o  t h e  TUO's. I n  o t h e r  c a s e s ,  cisce-- 
l a t i o n  was l e f t  up t o  t h e  d i s c r e t i o n  of t h e  TUO. 
At p r e s e n t ,  t h e  team i s  a t t e m p t i n g  t o  i d e n t i f y  technology relevant  
t o  t h e  s o l u t i o n  of 28 problems. These  28 problems a r e  l i s t e d  i n  Tab;e 1 
under  f i v e  c a t e g o r i e s  o r  impact  a r e a s .  "Impact a rea"  r e f e r s  t o  t h a t  
a r e a  of a i r  p o l l u t i o n  c o n t r o l  a c t i v i t i e s  which would b e  most affe .c tc i  
by f i n d i n g  a s o l u t i o n  t o  t h e  problem, From t h e  t a b l e ,  i t  can be  see? 
t h a t  most of t h e  p r e s e n t l y  a c t i v e  problems a r e  i n  t h e  a r e a s  of gas 
p o l l u t i o n  moni to r ing  t e c h n i q u e s  (8  problems)  , p a r t i c u l a t e  pollu",ir- 
moni to r ing  t e c h n i q u e s  (8 problems) ,  and a i r  p o l l u t i o n  c o n t r o l  t e c b n : ~ s c s  
(5 p rob lems) ,  
Also i n d i c a t e d  i n  T a b l e  1 is  t h e  problem s t a t u s  which i n d l - -  ..,7tes ti:e 
p a r t i c u l a r  phase  of t h e  t r a n s f e r  p r o c e s s  t o  which t h e  e f f o r t  tic ~ c k ? +  the 
problem h a s  p r o g r e s s e d ,  The key t o  t h e  l e t t e r  d e s i g n a t i o n s  usea  a p ~ ~ a r s  
a t  t h e  end of t h e  t a b l e .  
O f  t h e  76 problems a c c e p t e d  from APCO, seven  were  c l o s e d  ar inzL:tivacec 
d u r i n g  t h i s  r e p o r t i n g  p e r i o d .  The r e a s o n s  f o r  c l o s u r e  of t h e s e  p r s h z e n s  
a r e  i n d i c a t e d  i n  Tab le  2 ,  It is  s i g n i f i c a n t  t h a t  t h r e e  of t h e  sejcr  
problems c l o s e d  r e s u l t e d  from p e r s o n n e l  t r a n s f e r s  i n  APCO and s k t f c s  i n  
problem p r i o r i t i e s ,  such  t h a t  replacement  p e r s o n n e l  d i d  n o t  c o n t ~ n u r  
working on t h e  problems ( i . e . ,  AP-62, 63, 64) and t h a t  two of t ' i e  se:ie.n 
problems c l o s e d  r e s u l t e d  i n  technology t r a n s f e r s .  
3.2 I n f o r m a t i o n  Searches  
During t h i s  r e p o r t i n g  p e r i o d ,  t h e  RTI TATeam i n i t i a t e d ,  received 
and e v a l u a t e d  n i n e  i n f o r m a t i o n  s e a r c h e s  from NCSTRC. T h i r t e e n  computer 
i n f o r m a t i o n  s e a r c h e s  were i n i t i a t e d  th rough  NASA's i n t e r n a l  computer 
s e a r c h  system,  REGON. The RECON system has  been e f f e c t i v e l y  used bq 
t h e  TATeam, b o t h  a s  an a i d  i n  problem i n d e n t i f i c a t i o n  and t o  ccs - r ip le~~cn~  
t h e  r e s u l t s  o b t a i n e d  from NCSTRC. S p e c i f i c a l l y ,  s i x  REGON s e a r c l ~ e s  
were  conducted t o  a i d  i n  problem i d e n t i f i c a t i o n ,  Each s e a r c h  i s  re;-,esel-i 




Problem T i t l e  
I. Gas Monitoring Techniques 
Problem 
-- 
S t a t u s  
-- 
Advanced P o l l u t a n t  Sensor f o r  Methane D 
Advanced. P o l l u t a n t  Sensor f o r  T o t a l  
Hydrocarbons 
Advanced P o l l u t a n t  Sensor f o r  Carbon 
Monoxide 
Development of Advanced Sensors f o r  
Measuring Oxides of Nitrogen 
Modif icat ions t o  Mass Spectrometry t o  Enhance E 
I ts  Performance i n  A i r  P o l l u t i o n  Monitoring 
Improvement Techniques f o r  t h e  P repa ra t ion  of C,D 
Standard Concentrat ions of Carbon Monoxide 
and Methane 
Ins t rumenta l  Techniques f o r  Analysis  of Fornal- B,C 
dehyde i n  Ambient A i r  and Auto Exhaust 
Polymeric Ma te r i a l  f o r  Ex t r ac t ion  of Su l fu r  A 
Dioxide from High Temperature Stack Gases 
2. P a r t i c u l a t e  Monitoring Techniques 
Neasuring Techniques f o r  Airborne P a r t i c u l a t e s  D 
Feeder System f o r  P a r t i c u l a t e s  i n  Gases C , D  
Hi-Volume Mul t i s t age  F rac t iona t ing  P a r t i c u l a t e  B,D 
Sampler 
Continuous P a r t i c l e  Counting Instrument I3 D 
Evaluat ion of Automatic Ins t rumenta t ion  f o r  t h e  B,D 
Measurement of Mass Flow of P a r t i c u l a t e s  from 
Combustion of Coal and Residual  Fuel  O i l  Sources 
Ana ly t i ca l  Techniques f o r  Trace Metals i n  Com- C , D  
bus t ion  Ef f luen t s  from Coal and Residual  Fuel  
O i l  Sources 
D i f f e r e n t i a l  P re s su re  Transducer f o r  I s o k i n e t i c  B , D  
Stack Gas Sampling 
Er ro r s  i n  Measurement of P a r t i c u l a t e  Mat te r  i n  B,C 
Turbulent  Gas Streams U t i l i z i n g  Ex t r ac t ive  
Sampling Probe 
2 0 
Table 1. (Continued) 
RTI/AP-42 
RTI/AJ?-58 
RTI /AP- 59 
RTI/AP-61 
R T I / A P - ~ ~  
Problem ca tegory /  
- 
Problem T i t l e  





Development of Lightweight Furnace Refrac tory  D 
M a t e r i a l  
D i rec t  Measurement of Flame Temperature i n  Combus- C9D 
t i o n  Processes  
High Temperature Sampling Techniques f o r  K i n e t i c  A 
Studies  i n  Combustion Processes  
E f f e c t  of Turbulence (Mixing) on Local ized F l m e  A 
Temperature 
F ine  P a r t i c u l a t  e Co l l ec to r s  B,D 
4. Health-Related Techniques 
Funct iona l  E f f e c t s  of Chemical Agents and t h e  Appli-  A 
c a t i o n  of Reference Procedures  i n  Re la t ion  t o  
I n t e r l a b o r a t o r y  Comparison of Resu l t s  
Development of a Model Tox ic i ty  Tes t ing  System C 
Biomedical Telemetry BsC 
5. Other 
Improved Gas Flow Rate Controls  Systems f o r  A i r  D 
Poll-ution Monitoring Equipment 
Evaluat ing t h e  Rocket Engine as a Source of Atmos- D 
p h e r i c  Beryllium 
Storage of Carbon Monoxide a t  Low Levels  B,C 
X-Ray Fluorescence Spectroscopy A 
Table 1. (Continued) 
-- 
Key t o  Problem S t a t u s  Designat ion 
A. Problem D e f i n i t i o n  
Problem d e f i n i t i o n  inc ludes  t h e  i d e n t i f i c a t i o n  of s p e c i f i c  tech-  
nology-related problems through d i scuss ions  wi th  i n v e s t i g a t o r s  and 
t h e  p repa ra t ion  of f u n c t i o n a l  d e s c r i p t i o n s  of problems us ing  non- 
d i s c i p l i n a r y  terminology. 
B.  Information Searching 
Information r e l e v a n t  t o  a s o l u t i o n  i s  be ing  sought  by computer 
and/or  manual in format ion  searching .  
C, Problem Abst rac t  Dissemination 
An informat ion  sea rch  has  revea led  no p o t e n t i a l  s o l u t i o n s ,  and a 
problem a b s t r a c t  i s  being c i r c u l a t e d  t o  i n d i v i d u a l  s c i e n t i s t s  and 
engineers  a t  NASA Centers  and c o n t r a c t o r  f a c i l i t i e s  t o  s o l i c i t  
sugges t ions .  
D. Evaluat ion 
P o t e n t i a l l y  u s e f u l  in format ion  o r  technology has been i d e n t i f i e d  
and i s  being eva lua ted  by the  team and/or  t h e  problem o r i g i n a t o r ,  
E .  P o t e n t i a l  Transfer  
Information o r  technology has  been eva lua ted  and found t o  be of 
p o t e n t i a l  va lue  b u t  has  n o t  been appl ied .  
F. Follow up Ac t iv i ty  
A technology t r a n s f e r  has been accomplished, b u t  f u r t h e r  a c t i v i t y  
( i . e . ,  documentation, ob ta in ing  experimental  v a l i d a t i o n  of u t i l i t y ,  
cont inuing mod i f i ca t ion ,  e t c . )  is  requi red .  
Table 2 .  Problems Closed 
Category 
A 
RTI Problem Number 
AP-33, 55 
AP-62, 6 3 ,  64 
AP- 60 
T o t a l  
Number Closed 
Categor ies  
A -- Trans fe r  was accomplished. 
B -- Researcher has  no f u r t h e r  i n t e r e s t  i n  t h e  problem. 
C -- Researcher has  found h i s  own s o l u t i o n .  
D -- A s  a r e s u l t  of personnel  t r a n s f e r  i n  t h e  NAPCA, t h e  problem has 
e i t h e r  been c losed  o r  t r a n s f e r r e d  t o  another  i n s t i t u t i o n  along w i t h  
t h e  i n v e s t i g a t o r  and has been g iven  a new number. 
E -- No p resen t  or  fo re seeab le  f u t u r e  NASA technology app l i cab le .  
H -- S a t i s f a c t o r y  s o l u t i o n  i d e n t i f i e d  by t e a m  and v e r i f i e d  by researcher 
b u t  t r a n s f e r  cannot be  completed by r e s e a r c h e r  f o r  reasons of 
economy o r  l a c k  of r e sou rces .  
I -- Problem a s  o r i g i n a l l y  s t a t e d  w a s  t o o  broad o r  gene ra l .  
3 -- Problem i s  too  d i f f i c u l t ;  i . e . ,  t h e  problem a s  g iven  t o  the RTI 
Technology Appl ica t ion  Team is  p r e s e n t l y  t h e  focus of l a r g e  expendi- 
t u r e s  of money and/or  r e sea rch  and development e f f o r t ,  making the 
l i ke l ihood  of success  by the  Technology Appl ica t ion  Team low, 
K -- Problem p r i o r i t y  is  too  low. Fac to r s  involved a r e  cost-to-bene3it  
r a t i o ,  team resources  a v a i l a b l e ,  r e s e a r c h e r ' s  r e sou rces ,  and enthusiasm, 
L -- Problem grouped wi th  o t h e r  r e l a t e d  problems under another  number, 
by t h e  TATeam and APCO personnel  t o  determine t h e  f e a s i b i l i t y  of 
pursuing problems i n  a s p e c i f i c  a r e a  of technology. RECON searches  
have a turn-around time of about one week, making them i d e a l  f o r  a 
quick look a t  p o t e n t i a l  problem a reas .  
4.0 CONCLUSION AND RECOMMENDATIONS 
During t h e  r epo r t ing  per iod  four  technology t r a n s f e r s  were 
accomplished by t h e  RTI TATeam. 
The most e f f e c t i v e  method of i d e n t i f y i n g  r e l e v a n t  technology 
cont inues  t o  be  responses t o  problem s ta tements  and o t h e r  approaches 
t o  e s t a b l i s h i n g  d i r e c t  con tac t  wi th  NASA F i e l d  Center personnel ,  To this 
end, t h e  number of problem s ta tements  c i r c u l a t e d  t o  t h e  NASA F i e l d  Centers 
and/or  c o n t a c t s  wi th  NASA personnel  have been increased  during the 
r epo r t ing  per iod .  
It has  become apparent  t o  t h e  TATeam t h a t  cons iderable  e f f o r t  i n  
t h e  p a s t  had been devoted t o  de f in ing  problems which had a low probability 
of being so lved  using NASA Technology. It was concluded t h a t  R.EGON 
searches  should b e  u t i l i z e d  i n  t h e  decisionmaking process  f o r  accepting 
o r  r e j e c t i n g  pcoblems. A quick search  of t h e  NASA l i t e r a t u r e  via a REGON 
sea rch  should r e v e a l  t h e  ex i s t ence  of a p p l i c a b l e  aerospace technology, 
I f  a p p l i c a b l e  NASA technology is n o t  i nd ica t ed  i n  t h e  computer p r i n t o u t ,  
then a low p r o b a b i l i t y  of s u c c e s s f u l l y  so lv ing  t h e  problem i s  indicated, 
To t h i s  end, t h e  use  of RECON searches  w i l l  be increased  during the next 
r epo r t ing  per iod .  
The r eo rgan iza t ion  and inco rpora t ion  of APCO i n t o  t h e  Environmental 
P r o t e c t i o n  Agency has d i s rup ted  APCO's o rgan iza t iona l  s t r u c t u r e ,  Changes 
i n  personnel  assignments and job d e s c r i p t i o n s  have caused commrmicaCion 
problems which t h e  TATeam had no t  prev ious ly  encountered. To aLEevLate 
t h i s  s i t u a t i o n  and t o  provide f o r  more e f f e c t i v e  i n t e r a c t i o n  betweer P Z C O ,  
NASA, and t h e  TATeam, i t  i s  recommended t h a t  problem a r e a  p r i o r i t i e s  
and l i n e s  of communications i n  APCO be  redef ined .  
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Technology Transfer  
RTI/AF'-33 
Working F lu ids  f o r  Rankine Cycle Engines 
R. F. Macheck, AX'CO 
R. L. Beadles, C. E. Decker, F. Smith - Team Member 
Problem Acquired: Apr i l ,  1969 
Appl ica t ion  Made: December, 1970 
Time Elapsed: 20 Months 
Descr ip t ion  of Problem 
The Motor Vehicle  Research and Development Div is ion  of APCO is respons l -  
b l e  f o r  developing i n h e r e n t l y  low-emission v e h i c l e s  t o  meet f u t u r e  a i r  
p o l l u t i o n  s tandards .  The i n t e r n a l  combustion engine i s  today one of the  
major sources  of a i r  p o l l u t i o n  on t h e  n a t i o n ' s  highways and i n  urban a reas .  
The development of an e l e c t r i c  automobile r e q u i r e s  major advances i n  energy 
s t o r a g e  dens i ty  of b a t t e r i e s .  An a l t e r n a t i v e  t o  t h e  i n t e r n a l  comb~stf~n 
engine,  t h e  Rankine Cycle Engine, o f f e r s  very  s i g n i f i c a n t  improvements i n  
t o t a l  p o l l u t i o n  emissions over t h e  p re sen t  i n t e r n a l  combustion engine, 
I n  t h e  Rankine Cycle Engine t h e  combustion process  can be tbemlallg 
optimized t o  produce very  low emissions a s  compared t o  t h e  burning of 
g a s o l i n e  i n  i n t e r n a l  combustion engines.  Heat produced by the  buraLng 
of t h e  f u e l  i s  t r a n s f e r r e d  t o  t h e  working f l u i d .  The gaseous form of the 
f l u i d  is  then used t o  d r i v e  a "stream" engine and p rope l  t h e  vehicle. The 
working f l u i d  i s  i n  a c losed  system and hence r e l e a s e s  no m a t e r i a l s  into 
t h e  atmosphere. Major problems i n  t h e  development of t h e  Rankine Cycle 
Engine inc lude  developing a b e t t e r  working f l u i d  and opt imizing the  overall 
engine design . 
Descr ip t ion  of Solu t ion  
The National  Aeronautics and Space Administrat ion a t  i t s  L e w i s  Research 
Center has devoted cons iderable  e f f o r t  toward advancing Rankine Cycle Enginc 
technology. More s p e c i f i c a l l y ,  they have s tud ied  l a r g e  numbers of w o r k i n g  
f l u i d s  and have advanced Rankine Cycle Engine design concepts.  Results of  
t h i s  work have been channeled i n t o  t h e  Motor Vehicle  Research and Develop- 
ment Divis ion of t h e  A i r  P o l l u t i o n  Control  Off ice .  
Successfu l  Searching Methods 
RDC computer s ea rch  of aerospace l i t e r a t u r e .  
Bene f i t s  t o  b e  Derived from Technology Appl ica t ion  
The r e s u l t s  of work done a t  Lewis Research Center regard ing  working 
f l u i d s  f o r  Rankine Cycle Engines have immediate va lue  t o  t h e  APCO researcher, 
These r e s u l t s  a r e  being used by APCO i n  spec i fy ing  performance and d e s i g n  
parameters and o b j e c t i v e s  f o r  a pro to type  Rankine Cycle automobile engine. 
These s p e c i f i c a t i o n s  w i l l  b e  included i n  a procurement by APCO for :.he 
development of a pro to type  engine. 
Technology Transfer  
Wind Tunnel Design C r i t e r i a  
John Burckle,  A i r  P o l l u t i o n  Control  Of f i ce  
C. E. Decker - Team Member 
Problem Acquired : February 1970 
Appl ica t ion  Completed: December 1970 
Elapsed Time: 10 Months 
Descr ip t ion  of Problem 
P a r t i c u l a t e  a i r  p o l l u t a n t s  a r e  a major component of emissions from 
power genera t ing  s t a t i o n s ,  cement processing p l a n t s ,  and o t h e r  i n d u s t r i a l  
p rocesses .  P a r t i c u l a t e  a i r  p o l l u t a n t s  a r e  r e spons ib l e  t o  a  cons iderable  
degree f o r  reduct ion  i n  v i s i b i l i t y ,  m a t e r i a l s  damage, va r ious  types of 
p l a n t  and animal damage, r e s p i r a t o r y  d i f f i c u l t i e s ,  and o t h e r  d e l e t e r i o d s  
e f f e c t s .  Economic l o s s e s  on a  n a t i o n a l  s c a l e  due t o  a i r  p o l l u t i o n  are  
es t imated  t o  be  on t h e  o rde r  of 15-20 b i l l i o n  d o l l a r s  per  y e a r ,  w i t h  parti- 
c u l a t e  concent ra t ions  i n  s t a c k s  and t h e  design of p a r t i c u l a t e  c o n t r o l  
systems r equ i r ing  d e t a i l e d  knowledge of p a r t i c u l a t e  flow c h a r a c t e r i s t i c s  
i n  s t a c k s  and var ious  c o l l e c t o r  chamber conf igura t ions .  
The A i r  P o l l u t i o n  Control  Of f i ce  i s  now i n  t h e  process  of rekoca t ion  
of t h e i r  f a c i l i t i e s  i n  t he  Research Tr i ang le  Park, North Caro l ina ,  and i s  
planning t o  cons t ruc t  two on - s i t e ,  low-speed wind tunne l s  f o r  use  i n  asses- 
s i n g  t h e  behavior  of p a r t i c u l a t e s  i n  s t a c k  gases .  The requirements f o r  
t h e  proposed wind tunne l  were t h a t  i t  be of s u f f i c i e n t  s i z e  t o  a l l o w  
genera t ion  of measurement of p a r t i c u l a t e s  a t  flow r a t e s  of from 10 t o  120 
f t . / s e c .  without  c r e a t i n g  w a l l  e f f e c t s ,  be  amenable t o  l o c a t i o n  i n  a 
minimal amount of space ,  and be r e l a t i v e l y  inexpensive.  Basic design 
c r i t e r i a  were needed t o  i nco rpora t e  t h e  b e s t  combination of design 
f a c t o r s  t o  ob ta in  t h e  optimum conf igu ra t ion ,  e l imina te  w a l l  e f f e c t s ,  and 
minimize t h e  s i z e  of t h e  tunnel .  
Descr ip t ion  of Solu t ion  
The National  Aeronaut ics  and Space Administrat ion has pioneered i n  
t h e  development of wind tunnels  f o r  s p e c i a l  a p p l i c a t i o n s  i n  space and 
ae ronau t i c s  research  and development. The r e s u l t s  of t h i s  work have been 
used ex tens ive ly  by APCO i n  procuring t h e i r  own wind tunnel  f a c i l i t i e s .  
More s p e c i f i c a l l y  NASA's experience i n  t h e  f i e l d  has  allowed APCO to 
s p e c i f y  system performance parameters and acceptance c r i t e r i a  which insure  
t h a t  t h e  system they r e c e i v e  w i l l  s a t i s f y  t h e i r  requirements f o r  fu r the r  
i n v e s t i g a t i o n  of p a r t i c u l a t e  flow c h a r a c t e r i s t i c s .  Information obtained 
through t h e  l i t e r a t u r e  search  of t h e  NASA d a t a  banks and from F ie ld  Center 
Response by Richard Kuhn, Langley Research Center,  has  been used by APC3 
t o  spec i fy  humidity c o n t r o l s ,  combustion u n i t  s i z e ,  s t r a i g h t  vane area, 
sampling a r e a ,  dus t  c o l l e c t o r s ,  blower s i z e ,  and tunne l  clean-up procedures 
f o r  two aerodynamic t e s t  f a c i l i t i e s  t o  b e  loca t ed  i n  t h e  Research Tr iangle  
Park,  North Carol ina.  I n  a d d i t i o n ,  t h e  problem o r i g i n a t o r  i s  negotiating 
w i t h  M r .  Kuhn, regarding t h e  p o s s i b i l i t y  of NASA's i n v e s t i g a t i n g  paiftierm-- 
l a t e  flow c h a r a c t e r i s t i c s  using wind tunne l  and p a r t i c u l a t e  and g a s  flow 
f i e l d  v i s u a l i z a t i o n  techniques a t  NASA's Langley Research Center under 
in te ragency  t r ans f  e r  of funds. 
Bene f i t s  t o  b e  Derived from Technology Appl ica t ion  
As a r e s u l t  of t h i s  technology a p p l i c a t i o n ,  APCO re sea rche r s  have been 
a b l e  t o  b e n e f i t  from NASA's experience and e x p e r t i s e  i n  t h e  f i e l d  of w i n d  
t unne l  design.  This  information has  permi t ted  APCO t o  i nco rpora t e  rhe 
b e s t  combination of design f a c t o r s  i n t o  t h e i r  two aerodynamic tes t  Eaeili- 
ties. These wind tunnels  w i l l  be  i n s t rumen ta l  i n  APCO's a t tempt  t o  assess 
t h e  behavior  of p a r t i c u l a t e s  i n  s t a c k  gases  and u l t i m a t e l y  t o  develop 
c o n t r o l  equipment f o r  p a r t i c u l a t e s  emi t ted  t o  t h e  atmosphere £ram s t a t i o n a r y  
sources.  Reduction of p a r t i c u l a t e  emissions from s t a t i o n a r y  and mobi le  
sources  i s  of prime importance i n  t h e  c o n t r o l  of a i r  p o l l u t i o n  and the 
p r o t e c t i o n  of our  environment. 

APPENDIX B 
TECHNOLOGY TRANSFER REPORTS 
(OC- 10, OC- 16) 

Trans fe r  Report 
"Miniaturized Mass Spectrometer" 
D r s ,  Michael Heeb and John S, Bunt, Univ. of M i a m i  
Team Member - D r .  M, Simons 
Problem Acquired: February 1970 
Trans fe r  Made: February 1 9  71  
Elapsed Time: 12 Months 
D e s c r i ~ t i o n  of Problem 
Adequate nourishment f o r  t h e  wor ld ' s  expanding popula t ion  and envin  on- 
mental p o l l u t i o n  a r e  two of t he  major problems f ac ing  m a k i n d .  D e ~ p ~ t e  
t h e  f a c t  t h a t  t h e  oceans cover more t h a ~  two t h i r d s  of t he  earth's 
s u r f a c e ,  t h e  wor ld ' s  f i s h e r i e s  provide only a s m a l l  f r a c t i o n  of hunan 
food needs even a t  today ' s  r e l a t i v e l y  high l e v e l  of e x p l o i t a t i o n ,  The 
a b i l i t y  t o  meet f u t u r e  food requirements may u l t i m a t e l y  depend OR 
f u r t h e r  development of t h e  food producing p o t e n t i a l  of t he  oceans 
through marine farming o r  aquacul ture .  
P o l l u t i o n  problems a r e  a l s o  inc reas ing  w t t b  populat ion.  The bulk o" 
p o l l u t a n t s  a r e  eventua l ly  depos i ted  i n  t h e  oceans where they  ln teract 
wi th  marine organisms, undergo decomposition through o t h e r  p r o ~ e s s e s ,  
o r  simply accumulate and perhaps cont inue  t o  a f f e c t  marine life- 
An understanding of t he  product ion of a lgae  and s imple  marine animsLs 
se rv ing  a s  lower l i n k s  i n  t h e  food cha in  i s  e s s e n t i a l  t o  b e t t e r  manage- 
ment and e x p l o i t a t i o n  of marine resources  and w i l l  be  va luab le  i n  po%Lu-  
t i o n  r e sea rch .  A key t o  ob ta in ing  such an understanding i s  an exaxinat?-on 
of metabolism i n  t h e  primary elements of t h e  marine food web, Data 
co l l ec t ed  by mass spectrometry a r e  c u r r e n t l y  under s tudy  at the  TJn _.,7ersibry 
of Miami 's School of Marine and. Atmospheric Sciences t o  determine the 
n a t u r e  of r e s p i r a t o r y  a c t i v i t y  accompanying photosynthes is  -in p r t w r y  
marine l i f e .  
The mass spectrometer  being used f o r  t h e s e  measurements is  a fixed 
l abo ra to ry  instrument  r equ i r ing  t h a t  n a t u r a l  phytoplankton and o t S e ~  
marine organisms be  t r anspor t ed  from t h e  f i e l d  t o  t h e  l a b o r a t o r y ,  
Although t h e  f i e l d  environment i s  s imulated a s  accu ra t e ly  a s  pcssiSTe 
w i t h i n  t h e  l a b o r a t o r y ,  the  adverse e f f e c t s  of a  t r a n s i t  i n t e r v a l  of 
s e v e r a l  hours on t h e  experimental  m a t e r i a l  a r e  unknown, Un ive r s i t y  of 
Miami r e sea rche r s  have r epor t ed  s i g n i f i c a n t  d i f f e r e n c e s  i n  dissolved gas 
concent ra t ions  when analyzed i n  a  h a b i t a t  on t h e  ocean f l o o r  versus  those 
measured aboard s h i p  o r  a t  a  land-based l abo ra to ry .  A smaLb mass spec-  
t rometer  placed aboard a  research  v e s s e l  can reduce t h e  t r a n s l t  
i n t e r v a l  and thus  al low f o r  a b e t t e r  s imu la t ion  of t h e  f i e l d  envirorkmerzc- 
However, a mass spectrometer  placed i n  a  h a b i t a t  on t h e  ocean floor 5s 
t h e  i d e a l  s i t u a t i o n .  Commercially a v a i l a b l e  u n i t s  a r e  too  l a r g e  
f o r  u s e  i n s i d e  an underwater h a b i t a t  and gene ra l ly  w i l l  n o t  wi ths tand  
t h e  continuous v i b r a t i o n  encountered on-board sh ip .  
Descr ip t ion  of So lu t ion  
The NASA F l i g h t  Research Center has developed a sma l l  double-focusing 
mass spectrometer  capable of making f a s t  response ,  mul t ichannel  measure- 
ments. The ins t rument ,  which weighs approximately 28 l b s  and measures 
10 x 10 x 11 inches ,  was designed t o  analyze expi red  gases  aboard space- 
c r a f t  o r  h igh  performance a i r c r a f t .  NASAIFRC has loaned one of these  
u n i t s  t o  t he  Univers i ty  of Miami Research Team f o r  use i n  an underwater 
h a b i t a t .  
Successfu l  Searching Method 
Personal  contac t  wi th  ind iv idua l s  a t  NASA/LRC and NASA/FRC. 
Benef i t s  t o  be Derived from Trans fe r  
Mass spectrometer  measurements made i n  an underwater l abo ra to ry  on 
marine microorganisms w i l l  permit  s i g n i f i c a n t  d a t a  t o  be  obta ined  on 
t h e  n a t u r e  of r e s p i r a t o r y  a c t i v i t y  accompanying photosynthes is  and will 
l ead  t o  a b e t t e r  understanding of t h e  processes  of primary product ion ,  
The research  i s  aimed a t  an even tua l  understanding of t he  p r i n c i p l e s  
underlying b i o l o g i c a l  o rgan iza t ion  a t  t h e  ecosystem l e v e l  of the  s e a ,  
Technology Appl ica t ion  
"'Measurement of t h e  Osmo-Regulation of Blue Crabs" 
Problem Or ig ina tor :  M r .  David W. Engel, NMFS 
Team Members: F. Smith and J. B. Tommerdahl 
Problem Acquired: 'March 1970 
Appl ica t ion  Accomplished: March 1971 
Elapsed Time: 12 Months 
Descr ip t ion  of Problem 
A technique f o r  measuring t h e  e f f e c t s  of d i f f e r e n t  p o l l u t a n t s  on 
un res t r a ined  b l u e  c rabs  over  an  extended per iod  of t i m e  i s  needed, 
The b l u e  c rab  i s  a major food source  and as such makes i t  i m p o r t m t  
t o  develop an understanding of what e f f e c t s  i n d i v i d u a l  p o l l u t a n t s  and 
combinations of p o l l u t a n t s  could have on t h e  q u a l i t y  and q u a n t i t y  o f  
b lue  c rabs  produced each year .  
One means of gaining t h i s  understanding would b e  t o  monitor  t h e  adjust- 
ment of t h e  i n t e r n a l  environment (osmo-regulation) of t h e  animal a s  
a func t ion  of e x t e r n a l  environmental changes. This  can b e  accomnplished 
t o  a reasonable  e x t e n t  by monitor ing t h e  conductjlvity of t h e  c i r cu l a -  
t i n g  n u t r i t i v e  f l u i d  (blood) of t h e  crab.  
The p re sen t  approach t o  making these  measurements i s  t o  s a c r i f i c e  the 
crab i n  o rde r  t o  g e t  enough f l u i d  t o  use  s t anda rd  l abo ra to ry  techniques 
f o r  making conduct iv i ty  measurements. S ince  a c rab  i s  good f o r  only one 
measurement, t h e  t e s t  must be  s t a t i s t i c a l l y  designed and r e q u i r e s  a 
l a r g e  sample s i z e  ( l a r g e  number of c r abs )  i n  o rde r  t o  p l ace  reasonable 
eon£ idence  l i m i t s  on t h e  r e s u l t s .  
There a r e  s e v e r a l  d i f f i c u l t i e s  which have, u n t i l  now, prevented the 
r e sea rche r  from instrumenting t h e  c rab  f o r  continuous monitoring. One 
i s  t h e  c rab ' s  aggress iveness  which precludes using a w i re  f o r  signal 
t ransmission.  Another i s  t h a t  a convent ional  te lemet ry  system w i l l .  
n o t  t ransmi t  through s a l t  water .  
Descr ip t ion  of Solu t ion  
A min ia tu r i zed  te lemet ry  system designed and f a b r i c a t e d  by NASA scientists 
a t  t h e  Langley Research Center has  been de l ive red  t o  t h e  problem arigi- 
n a t o r  and is p r e s e n t l y  undergoing eva lua t ion  t e s t s .  A s imple block 
diagram of t h e  system i s  given a s  fol lows:  
Conduct i- 
v i t y  
Probe  Antenna 
7 
Antenna 
T r a n s m i t t i n g  System Receiving S t a t i o n  Equipment 
a t t a c h e d  t o  t h e  c r a b  
The t r a n s m i t t i n g  sys tem i s  an  FM/F'M t y p e  measuring about  1 / 2  X 1 X 3-14 i r~ches  
and weighing between one and two ounces.  The c o n d u c t i v i t y  p robe  c o n s i s t s  of 
two p la t inum e l e c t r o d e s  which a r e  immersed i n  t h e  c r a b ' s  b lood through a 
h o l e  d r i l l e d  i n  t h e  c r a b ' s  s h e l l .  Blood t h e n  s e r v e s  as t h e  d i e l e c t r i c  arid 
t h e  d e g r e e  of s a l i n i t y  of t h e  b lood  de te rmines  t h e  c o n d u c t i v i t y  of the p r o b e  
which i n  t u r n  f requency  modulates  t h e  s u b c a r r i e r  o s c i l l a t o r .  The s u b c a r r i e r  
o s c i l l a t o r  o u t p u t  t h e n  f requency  modulates  t h e  t r a n s m i t t e r  o s c i l l a t o r .  Ey 
c a l i b r a t i n g  t h e  sys tem u s i n g  s a l t  s o l u t i o n s  of known c o n c e n t r a t i o n s  the data  
are recorded  d i r e c t l y  i n  u n i t s  of s a l i n i t y  (ppm o r  p p t ) .  Also,  d i f f e r e n t i a -  
t i o n  and a m p l i f i c a t i o n  of t h e  s a l i n i t y  d a t a  s i g n a l  p r o v i d e s  a means of mnn i -  
t o r i n g  t h e  crab"  h e a r t  b e a t .  T h i s  sys tem recorded  b o t h  channe l s  of infcrma- 
t i o n  as shown i n  t h e  f o l l o w i n g  f i g u r e ,  
The t r a n s m i t t e r  and an tenna  d e s i g n s  a l l o w  r e l a t i v e l y  good t r a n s m i s s i o n  
th rough  s e a  w a t e r .  T h i s  p a r t i c u l a r  u n i t  w i l l  t r a n s m i t  through a t  l e a s e  
f i v e  f e e t  of sea w a t e r .  With a  h i g h e r  v o l t a g e  power s u p p l y  t h e  d i s t a n c e  
cou ld  b e  i n c r e a s e d ,  h o p e f u l l y ,  up t o  f i f t y  f e e t  f o r  a p p l i c a t i o n s  where 
t r a n s m i t t e r  we igh t  and volume c o n s t r a i n t s  a r e  n o t  s o  c r i t i c a l .  
Two complete  t r a n s m i t t i n g  sys tems have been g i v e n  t o  t h e  problem origi- 
n a t o r  and t h e  r e c e i v i n g  s t a t i o n  equipment i s  on l o a n  t o  him from the NASA 
kangley  Research Center .  The t o t a l  sys tem i s  va lued  by NASA a t  more tj-an 
$30,000.  
M r .  Engel. i s  v e r y  p l e a s e d  w i t h  t h e  sys tem and i s  convinced,  a f t e r  c o n d ~ ~ c c i n g  
some e v a l u a t i o n  t e s t s ,  t h a t  i t  i s  producing v a l i d  and u s e f u l  information, 
He p l a n s  t o  devo te  f u l l  t i m e  t o  r e s e a r c h  p r o j e c t s  u t i l i z i n g  t h i s  sys ten  
s t a r t i n g  around t h e  f i r s t  of June  and c o n t i n u i n g  through t o  Oc tober ,  
P r e l i m i n a r y  p l a n s  a r e  t o  test  l o b s t e r s  and maybe clams a s  w e l l  a s  crabs 
S u c c e s s f u l  Search ing  Method 
Plr. C h a r l e s  Husson of t h e  Telecommunications Research Branch resporided, 
th rough  M r .  John Samos, t h e  TUO, t o  t h e  c i r c u l a t e d  problem s t a t e m e n t ,  
B e n e f i t s  t o  b e  Der ived from Technology A p p l i c a t i o n  
This  sys tem w i l l  a l l o w  t h e  r e s e a r c h e r  t o  g e n e r a t e  a  g r e a t e r  q u a n t y t y  n i  
more r e a l i s t i c  p h y s i o l o g i c a l  d a t a  o v e r  a s h o r t e r  p e r i o d  of t ime  and 
w i t h  a much s m a l l e r  sample s i z e  t h a n  h a s  been p o s s i b l e  i n  t h e  pas::, 
The r e s u l t s  w i l l  p r o v i d e  r e s e a r c h e r s  w i t h  a  b e t t e r  unders tand ing  ok 
p o l l u t a n t s  and t h e i r  e f f e c t s  on m a r i n e  l i f e  and could  b e  used i n  
a d o p t i n g  mean ingfu l  r e g u l a t i o n s  f o r  a l l o w a b l e  p o l l u t i o n  l e v e l s  i n  
e s t u a r i e s .  A s t a t u s  r e p o r t  on p r o g r e s s  be ing  made by t h e  problem 
o r i g i n a t o r  i s  p r e s e n t e d  on t h e  f o l l o w i n g  t h r e e  pages.  

STATUS REPORT 
on t h e  use  of 
Minia ture  Mass Spectrometer 
An understanding of t h e  product ion  of a lgae  and marine animals 
s e rv ing  a s  lower l i n k s  i n  t h e  food chain i s  e s s e n t i a l  t o  b e t t e r  manage- 
ment and e x p l o i t a t i o n  of marine resources .  A key t o  ob ta in ing  such an 
understanding i s  an examination of metabolism i n  t h e  primary el~ements 
of t he  marine food web. Data c o l l e c t e d  by m a s s  spectrometry are 
c u r r e n t l y  under s tudy a t  t h e  Univers i ty  of M i a m i "  School of Marine and 
Atmospheric Science t o  determine t h e  n a t u r e  of r e s p i r a t o r y  a c t i v i t y  
accompanying photosynthes is  i n  primary marine l i f e .  
The mass spectrometer  being used f o r  t h e s e  measurements i s  a 
l abo ra to ry  type instrument  r equ i r ing  t h a t  n a t u r a l  phytoplankton a ~ d  
o the r  needed marine organisms be t r anspor t ed  from t h e  f i e l d  t o  the  
l abo ra to ry .  Although t h e  f i e l d  environment is  simulated a s  accu ra t e ly  
a s  p o s s i b l e  w i th in  t h e  l abo ra to ry ,  t h e  adverse e f f e c t s  of a t r a n s i t  
i n t e r v a l  of s e v e r a l  hours of t h e  experimental  m a t e r i a l  a r e  unknam, To 
a l l e v i a t e  t h i s  s i t u a t i o n  t h e  l abo ra to ry  type  mass spectrometer  was 
modified ex tens ive ly  f o r  use  aboard a r e sea rch  v e s s e l  a t  s e a ,  This 
instrument  was s u c c e s s f u l l y  used aboard t h e  S.S. ADVANCE I1 partictpatin~ 
i n  t h e  ocean survey program of TEKTITE I1 dur ing  August of 1970, Th i s  
was t h e  f i r s t  t ime t h a t  t h i s  technique was used a t  s e a  i n  t h i s  application. 
The d a t a  were gathered only a t  t h e  expense of an ex t r ao rd ina ry  e f f o r t  by 
t h e  r e sea rche r s  involved. The v i b r a t i o n s  of t h e  s h i p  a s  w e l l  as i t s  
p i t c h  and r o l l  had an adverse e f f e c t  on t h e  instrument  and made it slmost 
impossible  t o  ga ther  da t a .  Also, t he  l a r g e  s i z e  and weight of such a 
d e l i c a t e  instrument  made t r a n s p o r t a t i o n  and handl ing expensive,  timc 
consuming, and dangerous t o  t h e  s a f e t y  of t h e  ins t rument .  In  addt t ron,  
t h e  e l e c t r i c a l  power, a i r  condi t ion ing ,  and water  requirements were next 
t o  impossible  t o  meet. 
The d a t a  c o l l e c t e d  a t  s e a  demonstrated 0 product ion due t o  photo- 2 
s y n t h e s i s  i n  t h e  f a c e  of a very  l a r g e  n e t  O2 consumption, mostly due  to 
zooplankton. 
What w a s  needed then  was a much sma l l e r  mass spectrometer  capable 
of withstanding t h e  v i b r a t i o n s  aboard s h i p  and t h e  bumps and jolts dur ing  
t r a n s p o r t a t i o n .  It should a l s o  have low power requirements.  I d e a B j y ,  
t h e  instrument  should a l s o  have t h e  c a p a b i l i t y  t o  monitor s e v e r a l  gases  
s imultaneously.  During s t u d i e s  of photosynthesis  by mass spec t rove t ry ,  
a s t a b l e  i s o t o p e  of oxygen is used and i t s  consumption by both  the instru- 
ment and t h e  experimental  m a t e r i a l  must be  cont inuously monitored i n  o r d e r  
t o  compute t h e  r a t e  of 0 product ion.  Because t h e r e  i s  a time d e l a y  >;hen 2 
t h e  instrument  is  switched from one gas t o  another ,  much va luable  da t s  
i s  l o s t .  
I n  February of 197lNASA" Technology U t i l i z a t i o n  s e c t i o n  and Bio- 
medical s e c t i o n  a t  t h e  F l i g h t  Research Center a t  Edwards, C a l i f o r n i a  
loaned D r .  Michael Neeb a t  t h e  Univers i ty  of M i a m i  j u s t  such an inseru-  
ment a s  descr ibed  above. This instrument  i s  sma l l  (20'" 20" x 7") 
l i g h t  (90 l b s ) ,  and has 12 mass d e t e c t i o n  ou tpu t s .  This instrument  i s  
now being used i n  l abo ra to ry  work and a l s o  i n  t h e  f i e l d .  
On Sunday, March 21, 1971, t h i s  ins t rument ,  loaned t o  t h e  Univers i ty  
of Miami by NASA, w a s  taken down i n t o  a manned h a b i t a t  on t h e  ocean floor. 
This  was the  f i r s t  time t h a t  a mass spectrometer  had even been suecess-  
f u l l y  placed i n  a manned h a b i t a t  on t h e  bottom of t h e  ocean. Had i t  not 
been f o r  NASA's technology u t i l i z a t i o n  program, t h i s  would n o t  hasre been 
poss ib l e .  
I n  t h e  nea r  f u t u r e  t h e  instrument  w i l l  aga in  b e  taken i'nto a habitat 
and used i n  t h e  s tudy  of photosynthes is .  
Normally, b i o l o g i c a l  samples taken a t  depth and hauled aboard ship 
experience d r a s t i c  changes i n  p re s su re ,  temperature,  l i g h t  and disss1ved 
gas concent ra t ion ,  By having t h i s  a n a l y t i c a l  instrument  i n  a hab i t a t ,  
a l l  t h e s e  e f f e c t s  a r e  minimized and t h e  d a t a  obtained i s  more r e a l i s t i c  
than d a t a  obtained i n  any o the r  way. 
There a r e  a number of o the r  a r eas  of r e sea rch  i n  which a m i n i a t u r e ,  
mul t ichannel ,  p o r t a b l e  mass spectrometer  w i l l  b e  of g r e a t  va lue ,  
(1) Such an ins t rument  can be  used t o  monitor d i r e c t l y  and 
cont inuously the  concenEration of d i sso lved  gases i n  s e a  
water .  A team of s c i e n t i s t s  from t h e  Univers i ty  of Miami 
demonstrated t h a t  t h e  r o u t i n e  method of measuring O con- 
c e n t r a t i o n  i n  s e a  water  i s  c h a r a c t e r i s t i c a l l y  low. 'This 
team did wet chemical a n a l y s i s  of 0 concent ra t ion  both 2 
on t h e  bottom and on t h e  s u r f a c e  wh l l e  a t  TEKTITE II i n  
1970. A mass spectrometer  equipped wi th  t h e  s p e c i a l  
d e t e c t o r  probe which we use  could ana lyze  f o r  many d i f -  
f e r e n t  gases  much more accu ra t e ly  and e f f i c i e n t l y  than  w e t  
chemical an.alysis .  I n  f a c t ,  t h e s e  measurements w i l l  very  
- l i k e l y  be made dur ing  t h e  next  h a b i t a t  miss ion ,  
(2) Use aboard deep submersibles  a s  a l i f e  suppor t  gas ana lyze r ,  
It could a l s o  be  used t o  monitor t h e  concen t r a t ion  of deadly 
o r  dangerous gases  w i t h i n  t h e s e  v e h i c l e s .  
(3)  A very important  a r e a  i n  which t h i s  instrument  would be 
extremely u s e f u l  would be  t h e  s tudy of r e s p i r a t i o n  i n  divers 
whi le  a c t u a l l y  d iv ing  i n  t h e  ocean ( i n  s i t u ) ,  This  is  an 
important  s u b j e c t  and only l abo ra to ry  s imula t ion  has  been 
poss ib l e  t o  da t e .  D r .  Heeb i s  deeply i n t e r e s t e d  i n  t h i s  
a r e a  and hopes t o  s tudy i t  soon, 
( 4 )  A po r t ab l e  mass spectrometer  would be extremely u s e f u l  f o r  
s tudying a i r  p o l l u t i o n  i n  c i t i e s .  
(5) It would a l s o  b e  extremely u s e f u l  f o r  s tudying  water  
p o l l u t i o n  i n  r i v e r s  and lakes .  
(6) Such an instrument  would be  inva luab le  a s  a r e s p i r a t i o n  
monitor i n  s u r g i c a l  ope ra t ing  rooms i n  h o s p i t a l s .  This 
type of use may w e l l  come from t h e  d i v e r  r e s p i r a t i o n  
s t u d i e s  being formulated by D r .  Heeb. 
PROBLEM ORIGINATOR 
D r .  Michael Heeb 
Department of Funct iona l  Biology 
School of Marine and Atmospheric Science 
Univers i ty  of Miami 
10 Rickenbacker Causeway 
Miami, F l o r i d a  33149 
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RESEARCH TRIANGLE INSTITUTE 
TECHNOLOGY APPLICATION TEAM 
PRELIMINARY PROBLEM STATEMENT 
PROBLEM NO. : RTI/AP-67 DATE OF PREPAXATION: T0/26/7'0 
PROBLEM TITLE : "Fine P a r t i c u l a t e  C o l ~ l e c t o r s "  
INSTITUTION: N a t i o n a l  A i r  P o l l u t i o n  C o n t r o l  A d m i n i s t r a t i o n  
DEPARTMENT: D i v i s i o n  of P r o c e s s  C o n t r o l  Engineer ing  
INVESTIGATOR: M r .  Don F e l t o n  
TATEAM PERSONNEL: M r .  F r a n k l i n  Smith 
WHAT IS  NEEDED: 
I n f o r m a t i o n  i s  needed r e g a r d i n g  any d e v i c e s  o r  t e c h n i q u e s  which h a ~ c  been 
s u c c e s s f u l l y  u t i l i z e d  by NASA, m i l i t a r y ,  and governmental  l a b o r a t o r y  
and test  f a c i l i t i e s  f o r  c o l l e c t i n g  f i n e  p a r t i c u l a t e  m a t t e r  i n  the range 
of .05-2.0 microns .  
BACKGROUND : 
A need h a s  been determined by NAPCA r e s e a r c h e r s  i n  t h e  P r o c e s s  CcntcoJ. 
Eng ineer ing  D i v i s i o n  t o  a s s e s s  f i n e  p a r t i c u l a t e  e m i s s i o n s  from indusrrial 
p r o c e s s e s  such  a s  f o s s i l  f u e l  b u r n i n g  b o i l e r s ,  and from such  seconciiry 
s o u r c e s  a s  r o c k  q u a r r i e s  and a e r o s o l  s p r a y s .  Workable a n t i p o l l r a t i c l l  
measures t h a t  could  e n a b l e  u s  t o  en joy  our  p r e s e n t  s t a t e  of d e v e l o p ~ e : i t  
w i t h o u t  compromising t h e  q u a l i t y  of t h e  environment r e q u i r e  increased 
r e s e a r c h  concerning t h e  a tmospher ic  environment .  For example,  v e r y  'irtLe 
i s  known about  f i n e  p a r t i c u l a t e  emiss ions  from i n d u s t r i a l  s o u r c e s ,  
o r d e r  t o  make a q u a n t i t a t i v e  e v a l u a t i o n  of t h e  s i g n i f i c a n c e  of f i q c  
p a r t i c u l a t e  e m i s s i o n s ,  i n  terms of t h e  o v e r a l l  a i r  p o l l u t i o n  p r&ble r~ l ,  P L  
i s  n e c e s s a r y  t o  have e f f i c i e n t  c o l l e c t i o n  equipment,  
A t  t h e  p r e s e n t  t i m e ,  i n e r t i a l  c o l l e c t i n g  d e v i c e s ,  e l e c t r o s t a t i c  p r e s 3 i -  
t a t o r s ,  t h e r m a l  p r e c i p i t a t o r s ,  and f i l t e r s  are used f o r  particulate 
c o l l e c t i o n .  While any of t h e s e  t e c h n i q u e s  may b e  good f o r  one p a r t t c u l a r  
s i t u a t i o n ,  n o t  one i n  i ts  p r e s e n t  c o n f i g u r a t i o n  s a t i s f i e s  t h e  specl ' ica- 
t i o n s  a s  o u t l i n e d  below. The e l e c t r o s t a t i c  p r e c i p i t a t o r  p robab ly  taxes 
c l o s e s t  t o  meet ing t h e  o p e r a t i o n a l  s p e c i f i c a t i o n ,  b u t  i t  i s  t o o  carp iex  
and expens ive  f o r  g e n e r a l  a p p l i c a t i o n .  I d e n t i f i c a t i o n  of s u i t a b l e  zczh- 
nology t o  t h e  s o l u t i o n  of t h i s  problem would e n a b l e  NAPCA t o  , -a7n , s 
b e t t e r  unders tand ing  of f i n e  p a r t i c l e  e m i s s i o n s .  S u i t a b l e  kechniqves  o r  
i n s t r u m e n t a t i o n  could  be  a l o n g  two l i n e s .  One would b e  a c o l l o c t c r  
removal d e v i c e  permanent ly  i n s t a l l e d  i n  a s o u r c e  emiss ion  l o c a t s o n  (G 
s i t u  t e c h n i q u e )  o r  a method f o r  sample e x t r a c t i o n  f o r  la ter  measurcnent, 
CONSTRAINTS AND SPECIFICATIONS: 
A s u i t a b l e  f i n e  p a r t i c l e  c o l l e c t o r  shou ld  b e  reasonab ly  compact,  be jrre- 
v i o u s l y  t e s t e d  t o  g i v e  a  q u a l i t a t i v e  i n d i c a t i o n  of i t s  performance,  be 
a b l e  t o  h a n d l e  l a r g e  volumes of gas  and p a r t i c u l a t e s  i n  a h e a t e d  e r v i r a c -  
ment s i m i l a r  t o  t h a t  exper ienced  i n  f o s s i l  f u e l  b u r n i n g  b o i l e r s ,  znn 6% 
a b l e  t o  e f f i c i e n t l y  c o l l e c t  f i n e  p a r t i c u l a t e  ma t t e r  i n  t h e  range 0-05 
t o  2 microns. 
CHARACTERISTICS O F  RELEVANT TECHNOLOGY: 
E l e c t r o s t a t i c ,  d r o p l e t  spray  impaction, thermal  g r a d i e n t ,  f i l t r a t i o n ,  
and o the r  s u i t a b l e  techniques f o r  c o l l e c t i o n  of f i n e  p a r t i c u l a t e  would 
be app l i cab le  t o  t h i s  problem. Novel approaches t o  p a r t i c u l a t e  collec-- 
t i o n  such a s  i n  c l ean  rooms, i n  space cabin  atmospheres ,  and i n  rocket 
exhaust would a l s o  be  r e l e v a n t  t o  t h i s  problem. 
RESEARCH TRIANGLE INSTITUTE 
TECHNOLOGY APPLICATION TEAM 
PRELIMINARY PROBLEM STATEMENT 
PROBLEM NO.:  RTI/AP-68 DATE OF PREPARATION: L0/27/70 
PROBLEM TITLE: "Development of a  Model Toxic i ty  Tes t ing  system" 
INSTITUTION: Nat iona l  A i r  P o l l u t i o n  Control  Adminis t ra t ion  (NAPCA) 
DEPARTMENT: Div is ion  of Heal th E f f e c t s  Research 
INVESTIGATOR: D r .  Kirby I. Campbell 
TATeam PERSONNEL: M r .  F rankl in  Smith 
FJHAT IS NEEDED: 
A model t o x i c i t y  t e s t i n g  system i s  needed which would al low f o r  predict l ing 
long-term h e a l t h  e f f e c t s ,  due t o  i n h a l a t i o n  of o r  o the r  exposure t o  environ- 
mental  p o l l u t a n t s ,  from experimental  short- term exposures.  
BACKGROUND : 
Within t h e  B io log ica l  Research Branch, Div is ion  of Heal th E f f e c t s  Research 
of NAPCA, a  broad scope of environmental ( inc luding  atmospheric) pollution 
agen t s  inc luding  s u l f u r  ox ides ,  n i t r o g e n  oxides,  carbon monoxide, automobile 
exhaust ,  s imulated smog, lead ,  and cadmium a r e  being i n v e s t i g a t e d  t o  detect 
and eva lua t e  t h e i r  t o x i c o l o g i c a l  e f f e c t s  on b i o l o g i c  systems. Var ious  
animal spec i e s  a r e  exposed t o  i n d i v i d u a l  o r  combined p o l l u t a n t s  and func- 
t i o n a l  parameters of va r ious  body systems such a s  r e s p i r a t o r y ,  cardiovaseu8ar, 
r e n a l ,  endocrine,  hematopoiet ic ,  and reproduct ive  a r e  measured t o  assess 
b i o l o g i c  e f f e c t s .  
Of u l t i m a t e  i n t e r e s t  i n  environmental toxicology is  t h e  e f f e c t ( s )  of long- 
term exposure t o  r e l a t i v e l y  low l e v e l s  of p o l l u t a n t s  (o r  o t h e r  
a s  happens i n  t h e  community. A l a r g e  number of environmental f a c t o r s  
( inc luding  p o l l u t a n t s )  and b i o l o g i c  e f f e c t s  c r i t e r i a  make i t  imprac t i ca l  to 
perform long-term experimental  animal s t u d i e s  f o r  each p o s s i b l e  combination 
o r  t e s t  s i t u a t i o n .  Therefore,  t h e  r e sea rche r  i s  i n t e r e s t e d  i n  developing a 
model t o x i c i t y  t e s t i q g  system t o  reduce the  time and e f f o r t  requi red  t o  
eva lua t e  (o r  p r e d i c t )  long-tenn e f f e c t s ,  i . e . ,  t o  e l i m i n a t e  i f  pc i s s ib le  o r  
reduce t h e  need f o r  t r u l y  long-term experimental  s t u d i e s .  
I n  t h e  p a s t  some experiments have shown u s e f u l  r e l a t i o n s h i p s  among p e r o r a l  
t o x i c i t y  s t u d i e s  of varying dura t ion .  This  would suggest  t h a t  s i m i l a r  
c o r r e l a t i o n s  may e x i s t  f o r  i n h a l a t i o n  o r  o t h e r  t o x i c i t y  s t u d i e s  of sherk-tern,  
i n  r e l a t i o n  t o  long-term, experimentat ion.  Any modeling of t h i s  type, o r  
r e s u l t s  from o t h e r  s t u d i e s  lending themselves t o  such modeling, would b e  of 
i n t e r e s t  t o  t he  r e sea rche r .  
To re-emphasize, t h e  o b j e c t i v e  i s  t o  develop a model t o x i c i t y  ( e spec i a l ly  
inc luding  b u t  not  l i m i t e d  t o  i n h a l a t i o n )  t e s t i n g  system--perhaps involving 
a  s e r i e s  of r e l a t i v e l y  s h o r t  b u t  g r a d i e n t l y  lengthening du ra t ions  observing 
w e l l  chosen parameters--which would enable  reasonable  p r e d i c t i o n  of l snge r  
term-lower l e v e l  a d v e r s e  e f f e c t  o r  t o x i c  h a z a r d  from a p p l i c a t i o n  of the 
s h o r t e r  term-higher l e v e l  r e s u l t s .  
CONSTRAINTS AND SPECIFICATIONS: 
The model s h o u l d  b e  a s  d i r e c t l y  as p o s s i b l e  a p p l i c a b l e  t o  env i ronmenta l  
t o x i c i t y  ( i n c l u d i n g  i n h a l a t i o n )  s t u d i e s ,  and i t  would p r e f e r a b l y  have 
been e v a l u a t e d  u s i n g  a c t u a l  t e s t  r e s u l t s  ( b u t  i n  absence  of proved data, 
c o n t r i b u t o r y  i n f o r m a t i o n  o r  s u g g e s t i o n s  s u i t a b l e  f o r  t e s t i n g ,  would be  
h e l p f u l ) .  
CHARACTERISTICS OF RELEVANT TECHNOLOGY: 
S c i e n t i f i c  s t u d i e s  of t h e  b i o l o g i c a l  e f f e c t s  of exposure  t o  env i ronmenta l  
p o l l u t a n t s  ( i n c l u d i n g  i n h a l a t i o n  and i n g e s t i o n  o f  a tmospher ic  a g e n t s )  cm 
people  a n d / o r  an imals  would b e  a p p l i c a b l e  t o  t h i s  problem. 
RESEARCH TRIANGLE INSTITUTE 
TECHNOLOGY APPLICATION TEAM 
PRELIMINARY PROBLEM STATEMENT 
PROBLEM NO. : RTI/AP-69 DATE OF PREPARATION: 1 1 / 2 / 7 0  
PROBLm TITLE: ' % v a l u a t i n g  t h e  Rocket Engine as a Source  of Atmospheric 
Beryll ium" 
INSTITUTION: N a t i o n a l  A i r  P o l l u t i o n  C o n t r o l  A d m i n i s t r a t i o n  
DEPARTMENT: D i v i s i o n  of A i r  Q u a l i t y  and Emission Data  
INVESTIGATOR: M r .  C a r l  V.  Spang le r  
TATEM'L PERSONNEL : M r .  F r a n k l i n  Smith 
WHAT I S  NEEDED: 
A mathemat ica l  model i s  needed f o r  r o c k e t  e n g i n e s  which g i v e s  t h e  e x i ~ a u s t  
emiss ion  l e v e l s  of b e r y l l i u m  and b e r y l l i u m  compounds a s  a  f u n c t i o n  of  
environment ,  f u e l ,  and eng ine  paramete rs .  
BACKGROUND ., 
The N a t i o n a l  I n v e n t o r y  of A i r  P o l l u t i o n  Emiss ions  and C o n t r o l  Branch, Division 
of A i r  Q u a l i t y  and Emission Data of t h e  NAPCA, h a s  been a s s i g n e d  tlze task of  
deve lop ing  a  n a t i o n w i d e  i n v e n t o r y  of a i r  p o l l u t i o n  s o u r c e s  i n c l u d i n g  d a t a  on 
composi t ion and q u a n t i t y .  One p o l l u t a n t  of pr imary i n t e r e s t  i s  a tmospher ic  
b e r y l l i u m ,  
Bery l l ium i s  f i n d i n g  i n c r e a s e d  a p p l i c a t i o n  i n  i n d u s t r i a l  and s p a c e  exploration 
programs. Th is  l i g h t w e i g h t  m e t a l  p o s s e s s e s  many p r o p e r t i e s  of v a l u e  t o  sc ten-  
t i f i c  r e s e a r c h ,  b u t  i t s  t o x i c i t y  h a s  been,  u n t i l  r e c e n t l y ,  a prime cause o f  Tts 
l a c k  of e x p l o i t a t i o n  i n  many f i e l d s  of s t u d y .  Together  w i t h  i t s  indust~lal 
impor tance  i n  a l l o y s ,  b e r y l l i u m  seems d e s t i n e d  f o r  a  c r u c i a l  r o l e  i n  spcice 
e x p l o r a t i o n ,  b o t h  as a f u e l  and i n  f a b r i c a t i o n  of l i g h t w e i g h t  spacecrzif: 
components . 
I n  b i g h t  o f  t h i s  a n t i c i p a t e d  i n c r e a s e  i n  u s e  of b e r y l l i u m  f o r  r o c k e t  f u e l ,  aiad 
i t s  well-known t o x i c o l o g i c  a c t i o n s  on b i o l o g i c a l  sys tems ,  a t e c h n i q u e  sr 
method f o r  e v a l u a t i n g  ehe s i g n i f i c a n c e  of r o c k e t  e n g i n e s  a s  a s o u r c e  of 
a tmospher ic  b e r y l l i u m  t a k e s  on added importance.  
The r e s e a r c h e r  i s  i n t e r e s t e d  i n  any t h e o r e t i c a l  work t h a t  h a s  been d3ne in 
p r e d i c t i n g  the emiss ion  r a t e s  of b e r y l l i u m  and b e r y l l i u m  compounds for Iuture 
r o c k e t s  u s i n g  f u e l  c o n t a i n i n g  b e r y l l i u m .  Also,  h e  is  i n t e r e s t e d  i n  any srathe- 
m a t i c a l  models and /or  emiss ion  measurements of b e r y l l i u m  and b e r y l l i u m  ccnpounds 
made on p r e s e n t  r o c k e t  e n g b e s .  A s o l u t i o n  t o  t h i s  problem would r e p r e s e n t  
one more m i l e s t o n e  i n  t h e  s t u d y  t o  i d e n t i f y  and rank  t h e  s i g n i f i c a n t  a i r  
p o l l u t i o n  s o u r c e s .  
CHAMCTERISTICS OF RELEVANT TECHNOLOGY: 
A mathemat ica l  model f o r  p r e d i c t i n g  a n d / o r  measurdng t h e  exhaus t  
emiss ion  l e v e l s  of b e r y l l i u m  and b e r y l l i u m  compounds would b e  a.ppkicab3.e LO 
this problem, 
RESEARCH TRIANGLE INSTITUTE 
TECHNOLOGY APPLICATION TEAM 
PRELIMINARY PROBLEM STATEMENT 
PROBLm N O , :  RTI/AP-70 DATE OF PREPARATION: 1E/4,70 
PROBLEM TITLE: "Biomedical  ~ e l e m e t r y "  
INSTITUTION: N a t i o n a l  A i r  P o l l u t i o n  C o n t r o l  A d m i n i s t r a t i o n  
DEPARTMENT: D i v i s i o n  of Hea l th  E f f e c t s  Research 
INVESTIGATOR: D r .  Kirby I. Campbell 
TATEAM PERSONNEL: M r .  F r a n k l i n  Smith 
WHAT IS  NEEDED: 
A m u l t i c h a n n e l  b i o t e l e m e t r y  sys tem ( i n c l u d i n g  s e n s o r s ,  s i g n a l  c o n d i t i o n i n g  
e l e c t r o n i c s ,  and p r o c e s s i n g  equipment) w i t h  a t  l e a s t  t h e  f o l l o w i n g  pr imary 
i n f o r m a t i o n  c h a n n e l s - c o r e  t e m p e r a t u r e ,  b lood  f low v e l o c i t y ,  b lood  p r e s s u r e ,  
t ranspulmonary p r e s s u r e ,  and r e s p i r a t o r y  f l o w - i s  needed f o r  remote moni- 
t o r i n g  of u n r e s t r a i n e d  an imals .  
BACKGROUND : 
The i m p o r t a n t  o p p o r t u n i t i e s  a f f o r d e d  by t h e  l a t e s t  advances i n  t h e  f i e l d  of  
b i o m e d i c a l  t e l e m e t r y  have n o t  a s  y e t  been e x p l o i t e d  i n  a i r  p o l l u t i o n  h e a l t t  
e f f e c t s  r e s e a r c h .  Telemetry  methods prove i m p o r t a n t  p a r t i c u l a r l y  i n  s i t ua tZons  
where i t  i s  d e s i r a b l e  t o  l e a v e  t h e  s u b j e c t  i n  a r e l a t i v e l y  normal physiaLogLcal 
and p s y c h o l o g i c a l  s t a t e  by i n t e r f e r i n g  w i t h  h i s  normal p a t t e r n  of a c t i v i t i e s  
as l i t t l e  as p o s s i b l e .  The p r o p e r  u s e  of t e l e m e t r y  can make a n  o t h e r w i s e  
i m p o s s i b l e  exper iment  f e a s i b l e  o r  r e s u l t  i n  more p r o d u c t i v e  d a t a  b e i n g  
g e n e r a t e d  i n  a  g i v e n  t ime w i t h  s i g n i f i c a n t l y  l e s s  s t a t i s t i c a l  averag ing  being 
r e q u i r e d .  The B i o l o g i c a l  Research Branch i n  t h e  D i v i s i o n  of Hea l th  E f f e c t s  
Research conducts  s y s t e m a t i c a l  l a b o r a t o r y  r e s e a r c h  t o  d e t e c t  and e v a l u a t e  
t o x i c o l o g i c a l  e f f e c t s  of a i r  p o l l u t i o n  on b i o l o g i c a l  sys tems.  To t h i s  ex;d 
v a r i o u s  mammalian animal  s p e c i e s  a r e  used as e x p e r i m e n t a l  models,  t h u s  pe r -  
m i t t i n g  o b s e r v a t i o n s  n o t  p o s s i b l e  i n  human s u b j e c t s ,  
'fie r e s e a r c h e r  i s  f a m i l i a r  w i t h  b i o t e l e m e t r y  sys tems and f o r  some t i m e  Eae 
been us ing  commercially a v a i l a b l e  sys tems  i n  h i s  r e s e a r c h ,  It i s  b e l i e v e d ,  
however, t h a t  g r e a t l y  improved, more r e a l i s t i c  p h y s i o l o g i c a l  in fo rmat ion  caa 
b e  ach ieved  through a p p l i c a t i o n  of s t a t e - o f - t h e - a r t  b i o t e l e m e t r y  t e c h n f q u e s *  
H e  i s  i n t e r e s t e d  i n  r e c e n t  r e s e a r c h  and development of new s e n s o r s  and multi- 
channe l  t r a n s m i t t i n g  equipment f o r  s imul taneous  moni to r ing  of m u l t i p l e  rhanneSs 
of i n f o r m a t i o n  i n c l u d i n g  some measurements n o t  y e t  a t t empted  o r  p e r f e c t e d  b u t  
p o t e n t i a l l y  v e r y  u s e f u l .  For example, long-term r e l i a b l e  s e n s o r s  f o r  m e a s ~ l r i n g  
t ranspulmonary p r e s s u r e ,  t r a c h e a l  r e s p i r a t o r y  f low,  and blood v e l o c i t y  and/or  
f low i n  u n r e s t r a i n e d  an imals  would p rove  v e r y  v a l u a b l e  i n  a i r  p o l l u t i o n  hesL th  
e f f e c t s  r e s e a r c h .  
CONSTMINTS AND SPECIFICATIONS: 
The system must b e  compact ( m i c r o m i n i a t u r e ) ,  long- l ived (months o r  y e a r s ) ,  
and b e  compat ib le  w i t h  body t i s s u e s  when s u r g i c a l l y  i n s t a l l e d  comple te ly  
w i t h i n  t h e  animal ( t h e  whole system may be  implanted o r  j u s t  t h e  s enso r s  
implanted wi th  t h e  e l e c t r o n i c s  a t t ached  t o  t h e  animal a s  t h e  s i t u a t i o n  
d i c t a t e s ) .  The t r a n s m i t t i n g  d i s t a n c e  must b e  a t  l e a s t  10 f e e t  and 
p re fe rab ly  up t o  100 f e e t .  
CHARACTERISTICS OF RFLEVANT TECHNOLOGY: 
M i c r m i n i a t u r e  te lemet ry  systems wi th  min ia tu re  implantable  s enso r s  for 
f l u i d  flow and p re s su re  measurements would be app l i cab le  t o  t h i s  problem. 
RESEARCH TRIANGLE INSTITUTE 
TECHNOLOGY APPLICATION TEAM 
PRELIMINARY PROBLEM S TATWNT 
PROBLFN NO. : RTI/AP-71 DATE OF PREPARATION: LE/10/70 
PROBLEM TITLE: " Ins t rumenta l  Techniques f o r  Analysis of Formaldehyde i n  
Ambient A i r  and Auto ~ x h a u s t "  
INSTITUTION: Nat iona l  A i r  P o l l u t i o n  Control  Administrat ion 
DEPARmENT: Divis ion of Chemistry and Physics  
INVESTIGATOR: D r .  J i m  Hodgeson 
TATEAM PERSONNEL: M r .  C l i f f o r d  E. Decker 
WHAT IS NEEDED: 
A s p e c i f i c ,  non-wet chemical technique i s  needed f o r  t h e  measurement s f  
formaldehyde i n  ambient a i r  and au to  exhaust .  
BACKGROUND : 
A need was determined by NAPCA personnel  i n  t h e  Chemistry and Physics  
Div is ion  f o r  a s p e c i f i c ,  non-wet chemical technique f o r  measuring t h e  
concent ra t ion  of formaldehyde (HCHO) i n  ambient a i r  and au to  exhaust .  
Formaldehyde has been shown t o  b e  an eye i r r i t a n t  and t o  t ake  p a r t  i n  
photochemical r e a c t i o n s  i n  t h e  atmosphere. Its r o l e  i n  smog formation 
and i t s  f a t e  in. t h e  atmosphere, however, a r e  not  completely understood 
a t  t h i s  t ime, The major source  of atmospheric HCHO i s  t h e  automobile* 
Control  techniques proposed t o  reduce hydrocarbon emissions i n  au to  
exhausts  may cause a s i g n i f i c a n t l y  i n c r e a s e  i n  HCHO emissions, t hus ,  
t he  r o l e  of HCHO. 
A t  t h e  p re sen t  time manual wet-chemical techniques a r e  used t o  monitor 
HCHO i n  t h e  ambient a i r  and au to  exhausts .  These methods a r e  cumbersome, 
time consuming, and s u b j e c t  t o  i n t e r f e r e n c e s .  A r e l i a b l e ,  rea l - t ime 
ins t rumenta l  technique which i s  s p e c i f i c  f o r  HCHO i s  needed. 
CONSTMINTS AND SPECIFICATIONS : 
An acceptab le  ins t rumenta l  technique must be capable of measuring HCBO 
i n  ambient a i r  i n  t he  fol lowing ranges: (1) ambient a i r  (0.001-0.5 pprn), 
(2) auto  exhaust (0.1-100 ppm), ope ra t e  on a non-wet chemical p r i n c i p l e ,  
cos t  l e s s  than $5,000, have a s e n s i t i v i t y  of 0.01 ppm, and be  a b l e  t o  
ope ra t e  on a cont inuous,  unattended b a s i s .  
CHARACTERISTICS OF RELEVANT TECHNOLOGY: 
Spectroscopic (IR, UV, microwave), luminescent,  e lec t rochemica l ,  and g a s  
chromatographic, o r  techniques based on new technology would b e  app l i cab le  
t o  t h e  s o l u t i o n  of t h i s  problem. 
RESEARCH TRIANGLE INSTITUTE 
TECEINOLOGY APPLICATION TEAM 
PRELIMINARY PROBLEM STATEMENT 
PROBLEM NO. : RTI/AP-72 DATE OF PREPARATION: l i . /%7 /70  
PROBLEM TITLE: "Storage of Carbon Monoxide a t  Low Levels" 
INSTITUTION: Nat iona l  A i r  P o l l u t i o n  Control  Administrat ion 
DEPARTMENT: Div is ion  of Chemistry and Physics  
INVESTIGATOR: M r .  Gordon C .  Ortman 
TATeam PERSONNEL: M r .  C l i f f o r d  E. Decker 
WHAT IS  NEEDED: 
Methods f o r  s t o r a g e  and p re se rva t ion  of s tandard  concent ra t ions  of carbtln 
monoxide (CO) a t  low l e v e l s  (< 10 ppm) a r e  needed f o r  c a l i b r a t i o n  of i n s t ru -  
mentat ion used i n  measuring geophysical  and ambient l e v e l s  of CO. 
BACKGROUND : 
Continuous measurement of t h e  concent ra t ion  of minor atmospheric G ( P B * ~ $  I- 
t u e n t s  i s  r equ i r ed  i n  t h e  s tudy  and c o n t r o l  of atmospheric p o l l u t a n t s ,  State-  
of- the-ar t  ins t rumenta t ion  has been developed f o r  measuring geophysical  
l e v e l s  of carbon monoxide (CO) i n  t h e  range (0-1 ppm) without  d i f f i c u l t y .  
To a c c u r a t e l y  monitor  o r  measure CO a t  l e v e l s  l e s s  than  1 ppm, a s  would be  
encountered i n  marine environments and elsewhere, one must have s t a b l e ,  
a c c u r a t e  concent ra t ions  of CO f o r  c a l i b r a t i o n  purposes. This  requirement is 
a l s o  j u s t  a s  important  when r o u t i n e l y  monitor ing 60 i n  urban a r e a s ,  a; ~evels 
from 0-20 ppm a s  i s  done i n  NAPCA1s CAMP S t a t i o n s  ( i . e . ,  Continuous Air 
Monitoring Program). Inaccurac ies  and i n s t a b i l i t y  of c a l i b r a t i o n  stafidasds 
a r e  problems t h a t  s e r i o u s l y  a f f e c t  t h e  v a l i d i t y  and accuracy of t hese  measure- 
ments. 
Ca l ib ra t ion  mixtures  of C0 i n  a i r  can be  purchased i n  cy l inde r s  from gas 
s u p p l i e r s  w i t h  a  c e r t i f i c a t e  of a n a l y s i s  of CO conten t  v i a  i n f r a r e d  anziys is  
(40-meter c e l l  pa th  l eng th ) .  S t a b i l i t y  and maintenance of t h e  c a l i b r a ~ ; o n  
mixture  i n  t h e  cy l inder ,  however, is a  problem. The r e sea rche r  has  experi- 
enced a  50-percent decrease  i n  t h e  CO concen t r a t ion  i n  a cy l inde r  withirk four* 
months. Cylinder  w a l l  l o s s e s  a r e  suspected t o  be  r e spons ib l e  f o r  this lecrease 
S t a b i l i t y  and maintenance of t he  i n t e g r i t y  of t he  c a l i b r a t i o n  mixture  i s  
of prime importance i n  measuring background l e v e l s  of CO. The r e sea rche r  
would l i k e  t o  know what is t h e  l o s s  mechanism of CO i n  cy l inde r s  and hov;. LO 
prevent  t h e s e  l o s s e s .  
CONSTMINTS AND SPECIFICATIONS: 
Information should b e  r e s t r i c t e d  t o  s t o r i n g  and preserv ing  CO c o n c e n t r ~ t i o n s  
l e s s  than 10 ppm. Storage con ta ine r s  should be  r e l a t i v e l y  inexpem~sive~ 
CHARACTERISTICS OF RELEVANT TECHNOLOGY: 
Data r e l a t i n g  t o  r e a c t i o n s  of CO i n  p re s su r i zed  c y l i n d e r s ,  s t o r a g e  .inetPods, 
and con ta ine r s  f o r  prevent ing  degrada t ion  of c a l i b r a t i o n  mixtures  wonLd be  
app l i cab le  t o  t h e  s o l u t i o n  of t h i s  problem. 
RESEARCH TRIANGLE INSTITUTE 
TECHNOLOGY APPLICATION TEAM 
PRELIMINARY PROBLEM STATEMENT 
PROBLEI\I NO. : RTI/AP-73 DATE OF PREPARATION: 11/23/79 
PROBLEM TITLE: " E r r o r s  i n  Measurement of P a r t i c u l a t e  M a t t e r  i n  Turbu len t  
Gas Streams U t i l i z i n g  An E x t r a c t i v e  Sampling Probe" 
INSTITUTION: N a t i o n a l  A i r  P o l l u t i o n  C o n t r o l  A d m i n i s t r a t i o n  (NMCA) 
DEPARTMENT: D i v i s i o n  of P r o c e s s  C o n t r o l  Engineer ing  
INVESTIGATOR: D r .  F red  J a y e  
TATeam PERSONNEL : M r .  F r a n k l i n  Smith 
WHAT I S  NEEDED: 
T h e o r e t i c a l  s t u d i e s  and /or  e x p e r i m e n t a l  d a t a  are needed which d e s c r i b e  the  
magni tude and d i r e c t i o n  of measur ing e r r o r s  as a  f u n c t i o n  of e n v i r o n n ~ c n t a l  
pa ramete rs  (e .g . ,  f low v e l o c i t y ,  p a r t i c l e  s i z e ,  a n g l e  of a t t a c k ,  e t c * )  and 
probe  des ign .  
BACKGROUND: 
The N a t i o n a l  A i r  P o l l u t i o n  C o n t r o l  A d m i n i s t r a t i o n  i s  des ign ing  an o n - s i t s  
low s3eed  wind t u n n e l  t o  i n v e s t i g a t e  t h e  f low c h a r a c t e r i s t i c s  of s t a c k  gases 
and e v e n t u a l l y  t h e  b e h a v i o r  of p a r t i c u l a t e s  i n  s t a c k  g a s e s .  The wind 
t u n n e l  f a c i l i t y  w i l l  make it p o s s i b l e  t o  s f m u l a t e  t h e  s t a c k  emiss ions  
of d i f f e r e n t  i n d u s t r i a l  p r o c e s s e s  w i t h  g a s  f low v e l o c i t i e s  rang ing  from LO 
t o  100 f e e t  p e r  second,  and w i t h  a  wide range  of p a r t i c u l a t e  s i z e ,  mass,  and 
d e n s i t y  d i s t r i b u t i o n s .  Th is  f a c i l i t y  w i l l  a l s o  b e  used f o r  i n - l a b o r a t o r y  
e v a l u a t i o n  of new s t a c k  emiss ions  measur ing and c o n t r o l  equipment,  the reby  
reduc ing  t h e  t ime  and c o s t  of f i e l d  t e s t i n g .  
One measur ing system under c o n s i d e r a t i o n  f o r  u s e  i n  i n s t r u m e n t i n g  t h e  wind 
t u n n e l  i s  a sampling t r a i n  u t i l i z i n f ;  an e x t r a c t i v e  sampling p robe ,  In 
e v a l u a t i n g  t h i s  sys tem t h e  resea - rcher  i s  i n t e r e s t e d  i n  any p a r a m e t r i c  s t a d i e s  
of sampl ing p robes  des igned  t o  minimize  t h e  measuring e r r o r ,  Pa ramete rs  andl 
o r  e f f e c t s  of i n t e r e s t  i n c l u d e ,  b u t  a r e  n o t  r e s t r i c t e d  t o :  
1. The magnitude and d i r e c t i o n  of upst ream f low d i s t u r b a n c e s  
from t h e  p r e s e n c e  of an  e x t r a c t i v e  sampl ing p robe  as a functlorl 
of i s o k i n e t i c  and n o n - i s o k i n e t i c  e x t r a c t i o n  r a t e s ,  d u c t  v e l o c i t y ,  
a n g l e  of a t t a c k ,  and p a r t i c l e  s i z e .  
2 -  The d i r e c t i o n  and magni tude of e r r o r s  i n  i s o k i n e t i c  and non- 
i s o k i n e t i c  p a r t i c u l a t e  sampl ing p robes  i n  t u r b u l e n t  f lows  a s  
a f u n c t i o n  of v e l o c i t y ,  sampl ing rates, a n g l e  of a t t a c k ,  and 
p a r t i c l e  s i z e .  
3. The e f f e c t  of p robe  edge c o n f i g u r a t i o n  on sampling e r r o r s .  
4.  The magni tude of e f f e c t s  v e r s u s  p robe  s i z e  f o r  p robes  w i t h  
t h e  i n s i d e  d iamete r  r a n g i n g  from 112 t o  2 i n c h e s .  
5. The optimum l e n g t h  of p robe  p r i o r  t o  t h e  e x i t  bend* 
5 6 
A s o l u t i o n  t o  t h i s  problem would save  t h e  NAPCA t ime and money i n  spec i fy ing  
t h e  ins t rumenta t ion  system f o r  t h i s  r e sea rch  f a c i l i t y .  
CONSTRAINTS AND SPECIFICATIONS: 
Any in format ion  o r  design s t u d i e s  should p e r t a i n  t o  gas  flow measuring 
probes 112 t o  2 inches  i n  diameter  f o r  sampling from tu rbu len t  flow with 
v e l o c i t i e s  from 10 t o  100 f t / s e c .  
CHARACTERISTICS OF RELEVANT TECHNOLOGY: 
Design o r  a n a l y s i s  of i s o k i n e t i c  sampling probes o r  p i t o t  tubes  wou1.d be 
a p p l i c a b l e  t o  t h i s  problem. 
RTI/laP-76 
March 1973. 
P R O B L E M  S T A T E M E N T  
""Pllymric Ma te r i a l  f o r  Ex t r ac t ion  of Su l fu r  Dioxide from High 
Temperature Stack Gases" 
WHAT I S  NEEDED 
A polymeric m a t e r i a l  f o r  e x t r a c t i o n  of s u l f u r  d ioxide  from s t a c k  e f f lue r i t s  
i s  needed i n  o rde r  t o  develop a continuous source  monitor ,  
BACKGROUND 
The Clean A i r  Act s t a t e s  t h a t  i ndus t ry  w i l l  have t o  demonstrate t h a t  they 
a r e  i n  compliance when and i f  n a t i o n a l  emission s tandards  a r e  adopted. 
To meet t h i s  requirement and t o  eva lua t e  t h e  ope ra t ion  of c o n t r o l  equipment, 
ins t rumenta t ion  i s  needed f o r  continuous in-s tack  monitor ing of i n d u s t r i  al 
e f f l u e n t s .  Ins t rumenta t ion  p r e s e n t l y  a v a i l a b l e  f o r  monitor ing gaseous 
p o l l u t a n t s ,  such a s  s u l f u r  d ioxide  (SO2) i n  s t a c k  environments, i s  s u b j e c t  
t o  and a f f e c t e d  by h o s t i l e  environmental cond i t i ons ,  such a s  h igh  tempesa- 
t u r e s ,  s o o t ,  f l yash ,  humidity,  and excess ive  concent ra t ion  of an i n t e r f e r i n g  
gas.  Equipment designed t o  circumvent t hese  condi t ions  f o r  continuous 
monitor ing has proven t o  b e  cumbersome, f r a g i l e ,  expensive, and gene ra l ly  
inadequate ,  Manual e x t r a c t i o n  and subsequent a n a l y s i s  of t h e  sample has 
s t i l l  proven supe r io r .  A need e x i s t s  f o r  a  s imple means whereby a represea-  
t a t i v e  sample of SO may be  cont inuously e x t r a c t e d  from a s t a c k  and de l ive red  2 
t o  an a n a l y t i c a l  instrument  which i s  p ro t ec t ed  from t h e  s t a c k  environment. 
A system f o r  ob ta in ing  s a i d  sample has been proposed by APCO resea rche r s  and 
c o n s i s t s  of a  permeable polymeric tube ,  which can be  i n s e r t e d  i n  t h e  s t a c k ,  
and a supply of c lean ,  dry d i l u e n t  a i r  which i s  passed through t h e  tube.  
Su l fu r  d ioxide  would permeate through t h e  tube  w a l l  due t o  t h e  concent ra t ion  
g r a d i e n t  provided by t h e  g r e a t e r  p a r t i a l  p r e s s u r e  of t h e  p o l l u t a n t  i n  the 
s t a c k  and be d i l u t e d  by a  metered volume of dry a i r  t o  a  lower concent ra t ion  
which can then b e  measured by ambient a i r  monitors .  The ambient a i r  moi3itor 
is maintained a,t room temperature.  P a r t i c u l a t e s ,  humidity,  and temperature 
e f f e c t s  of t h e  sample on t h e  instrument  a r e  thus  minimized, 
The r e sea rche r  needs information regard ing  s u i t a b l e  thin-walled polymeric 
m a t e r i a l s  f o r  i n s e r t i o n  i n t o  and e x t r a c t i o n  of a  r e p r e s e n t a t i v e  sample F r o m  
a  s t a c k  o r  chimney. The permeation r a t e  through t h e  tube  w a l l  i s  a f f e c t e d  
by opera t ing  temperature,  w a l l  t h i ckness ,  and e f f e c t i v e  a r e a  of t h e  tube,  
These f a c t o r s ,  wi th  t h e  except ion of opera t ing  temperature,  w i l l  b e  he ld  
cons t an t ,  It  i s  a n t i c i p a t e d  t h a t  t h i s  device  w i l l  b e  used t o  monitor a 
v a r i e t y  of sou rces ,  (e .g . ,  power p l a n t s ,  i n d u s t r i a l  p rocesses ,  i n c i n e r a t o r s ,  
e t c , ) ,  s o  t h a t  t h e  operating temperature encountered may vary over a consi- 
de rab le  range. The v a r i a t i o n  of opera t ing  temperature f o r  a  s p e c i f i c  source 
probably w i l l  not  b e  more than - + 50°F under normal opera t ions ,  
Const ra in ts  and Spec i f i ca t ions  
A s u i t a b l e  polymeric m a t e r i a l  must be  chemically i n e r t ,  be  permeable 
t o  s u l f u r  dioxide and e x h i b i t  high thermal s t a b i l i t y  over t h e  range 
100" t o  1000°F f o r  extended per iods  of t i m e .  
C h a r a c t e r i s t i c s  of Relevant Technology 
Polymeric ma te r i a l s  developed by NASA f o r  space app l i ca t ions  would be  
app l i cab le  t o  t h e  s o l u t i o n  of t h i s  problem. 
For More Information, Contact: 
M r .  C l i f f o r d  E. Decker 
Research Tr iangle  I n s t i t u t e  
P. 0.  Box 12194 
Research Tr iangle  Park 
North Carol ina 27709 
919-549-8311, Ext. 391 
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P R O B L E M  S T A T E M E N T  RTI/AP-41 
November 11970 
""Development of Advanced Sensors f o r  Measuring Oxides of NitrogenFB 
What i s  Needed 
A non-wet chemical technique i s  needed f o r  measuring s p e c i f i c a l l y  t h e  
concent ra t ion  of n i t r i c  oxide (NO), n i t r o g e n  d ioxide  (NO2)$ o r  t o t a l  
oxides of n i t rogen  (NO ) i n  ambient a i r ,  au to  exhausts ,  and s t a c k  
X 
e f f l u e n t s  . 
Background 
Nitrogen oxides,  which are emi t ted  t o  t h e  atmosphere p r imar i ly  from indus- 
t r i a l  p rocesses ,  power p l a n t s ,  and automobiles,  r e s u l t  from t h e  d i r e c t  
combination of n i t r o g e n  and oxygen a t  h i g h  temperatures .  Combustion pro- 
ce s ses  involving f o s s i l  f u e l s  a r e  t h e  major source  (e.g. , power genera t ion  
p l a n t s  and automobiles).  N i t r i c  oxide (NO) and n i t r o g e n  d ioxide  (NO ) are 
of major importance i n  a i r  p o l l u t i o n  due t o  t h e i r  p a r t i c i p a t i o n  i n  pkoto-- 
chemical smog formation. Nitrogen d ioxide  is  considered t o  b e  t h e  primary 
absorber  of s u n l i g h t  which provides  t h e  energy f o r  photochemical r e a c t i o n s  
t h a t  r e s u l t  i n  t h e  formation of photochemical ox idants  (e.g., ozone and 
peroxyace ty l  n i t r a t e ) .  
A t  t h e  p re sen t  t ime, t h e r e  a r e  no good in s t rumen ta l  techniques f o r  measuc-. 
ing  n i t rogen  oxides (NO, NOZ) i n  t h e  atmosphere. Severa l  wet-chemical 
methods have been developed f o r  measuring NO2 i n  ambient a i r ,  au to  exhaust, 
and s t a c k  e f f l u e n t s ;  however, t h e s e  a r e  s u b j e c t  t o  i n t e r f e r e n c e s .  To date  
no proven technique i s  a v a i l a b l e  f o r  measuring NO. N i t r i c  oxide has beea 
measured i n d i r e c t l y  us ing  t h e  wet-chemical method (Saltzman NO method), 
2 f where NO i s  oxid ized  t o  NO and determined spectrophotometr ica ly .  This 
method of a n a l y s i s  f o r  NO 1s u n s a t i s f a c t o r y  due t o  v a r i a t i o n s  i n  the con- 
ve r s ion  e f f i c i e n c y  encountered when NO i s  oxidized t o  NO2 and is  an indirect 
approach. 
Cons t r a in t s  and S p e c i f i c a t i o n s  
The requirements  f o r  an acceptab le ,  non-wet chemical technique f o r  measuring 
NO a r e  t h a t  i t  b e  s p e c i f i c ;  b e  a b l e  t o  measure NO concent ra t ions  i n  the 
range 0.01-1000 ppm i n  ambient a i r ,  au to  exhaust ,  and s t a c k  e f f l u e n t s ;  and 
have an accuracy of b e t t e r  than + 5%. A real time ana lyzer  is  p r e f e r r e d ,  
Modif ica t ions  t o  t h e  system t o  accommodate in-s tack  ( i n  s i t u )  a n a l y s i s  w i l l  
b e  acceptab le .  The same condi t ions  a s  s t a t e d  above would apply t o  am accept- 
ab l e  technique f o r  NO 2 ' 
C h a r a c t e r i s t i c s  of Relevant Technology 
Chemiluminescent, spec t roscop ic ,  flame emission, e lec t rochemica l ,  gas  phase, 
and techniques based on new technology, would b e  app l i cab le  t o  t h e  s o l u t i o n  
of t h i s  problem. 
For Fur ther  In£  ormation, Contact: 
- 
C l i f f o r d  E. Decker 
Research Triangle I n s t i t u t e  
P. 0. Box 12194 
Research Tr iangle  Park 
North Carolina 2 7709 
919-549-8311, Ext. 391 
P R O B L E M  S T A T E M E N T  
RTI/AP--52 
January  1971 
'%evelopment of a  Hi-Volume Mult i -Stage 
F r a c t i o n a t i n g  sampler" 
mat is  Needed 
A hi-volume m u l t i - s t a g e  p a r t i c u l a t e  sample r  c a p a b l e  of f r a c t i o n a t i n g  
p a r t i c u l a t e s  i n t o  a t  l e a s t  f i v e  ranges  f o r  de te rmin ing  p a r t i c l e  s i z e  
d i s t r i b u t i o n  i n  ambient a i r  i s  needed. 
Background 
A knowledge of p a r t i c l e  s i z e  d i s t r i b u t i o n  is  i m p o r t a n t  i n  a s s e s s i n g  
r e s p i r a t o r y  h e a l t h  h a z a r d s  a s  w e l l  as de te rmin ing  o t h e r  e f f e c t s ,  such 
a s  v i s i b i l i t y  r e d u c t i o n ,  economic e f f e c t s ,  g e o p h y s i c a l  e f f e c t s ,  and 
p a r t i c l e - p a r t i c l e  and p a r t i c l e - g a s  i n t e r a c t i o n s  i n  t h e  a tmosphere* 
I n s t r u m e n t a t i o n  p r e s e n t l y  a v a i l a b l e  t o  r e s e a r c h e r s  i n v o l v e d  w i t h  s i z i r g  
of suspended p a r t i c l a t e s  i n  t h e  a tmosphere  is  n o t  adequa te  o r  rugged 
enough f o r  f i e l d  sampl ing.  A d e v i c e  c a p a b l e  of sampl ing l a r g e  v o l * m e s  
of a i r  and f r a c t i o n a t i n g  p a r t i c u l a t e s  i n t o  d i f f e r e n t  s i z e  ranges  i s  
needed. 
C o n s t r a i n t s  and S p e c i f i c a t i o n s  
The hi-volume m u l t i - s t a g e  p a r t i c u l a t e  sampler  shou ld  have a  sampl ing 
r a t e  of a t  P e a s t  20 cu f t l m i n ,  f r a c t i o n a t e  p a r t i c u l a t e s  i n t o  a t  least  
f i v e  s i z e  r a n g e s  between 0 . 1  and 10 microns ,  b e  rugged, s imple  t o  
o p e r a t e ,  e a s i l y  m a i n t a i n e d ,  and amenable f o r  f i e l d  o p e r a t i o n s .  ?'be cc l- 
l e c t i o n  p r i n c i p l e  shou ld  b e  based  on impac t ion  of p a r t i c u l a t e s  on sane 
weighab le  s u r f a c e  ( e - g .  , g l a s s ,  aluminum f o i l ,  e t c ,  ), s o  that coXlected 
p a r t i c u l a t e s  can b e  weighed and ana lyzed .  Cost  of each u n i t  shou ld  b e  
on t h e  o r d e r  of $1,000 on development. 
C h a r a c t e r i s  t i c s  of Re levan t  Technolopy 
I n s t r u m e n t a t i o n  o p e r a t i n g  on t h e  p r i n c i p l e  of impac t ion  would be  appl"Lca"rsle 
t o  the s o l u t i o n  of t h i s  problem. 
For More In format ion .  Contact :  
M r .  C l i f f o r d  E. Decker 
Research T r i a n g l e  I n s t i t u t e  
P, 0 ,  Box 12194. 
Research T r i a n g l e  Park  
North C a r o l i n a  27709 
919-549-8311, Ext,  391 
RTI/AP-53 
January 1971 
P R O B L E M  S T A T E M E N T  
f r  Development of a Continuous P a r t i c l e  Counting 1 n s t r m e n t 1 *  
What is Needed 
An instrument  o r  instrument  package i s  needed which can cont inuously 
count p a r t i c u l a t e s  i n  ambient a i r  from 1Q micron diameter  t o  submicron 
ranges. 
Background 
A knowledge s f  t h e  number of p a r t i c u l a t e s  of c e r t a i n  s i z e  ranges from 
submicron t o  10 microns i s  necessary f o r  c h a r a c t e r i z i n g  and p r o f i l i n g  
t h e  t o t a l  s i z e  d i s t r i b u t i o n  of suspended p a r t i c u l a t e s  in. t h e  atmos- 
phere.  This  information i s  important  i n  a s se s s ing  r e s p i r a t o r y  h e a l t h  
hazards  m d  determining o t h e r  e f f e c t s ,  such a s  v i s i b i l i t y  reduct ion ,  
economic and geophysical  e f f e c t s ,  and p a r t i c l e - p a r t i c l e  and pa r t i c l e -gas  
i n t e r a c t i o n s  i n  t h e  atmosphere, 
Cons t r a in t s  and S ~ e c i f i c a t i o n s  
Bn acceptable  instrument  must be a b l e  t o  cont inuously count p a r t i c ~ ~ l a t e s  
i n  t h e  atmosphere i n  t h e  s i z e  range 0.01 t o  10 microns. Cost of t h e  
u n i t  inc luding  a d a t a  readout  system should n o t  exceed $15,000. 
Cha rac t e r i s  t i c s  - of Relevant T e c h e o g l ~  
P a r t i c u l a t e  s i z i n g  devices  based on o p t i c a l ,  e l e c t r i c a l ,  and condensation 
p r i n c i p l e s  would b e  a p p l i c a b l e  t o  t h e  s o l u t i o n  of t h i s  problem. 
For More Information,  Contact:  
-- 
M r .  C l i f f o r d  E. Decker 
Research Tr i ang le  I n s t i t u t e  
P. 0.  Box 12194 
Research Tr i ang le  Park 
North Caro l ina  27709 
919-549-8311, Ext. 391- 
RTI/AP-41 
January 1971 
P R O B L E M  S T A T E M E N T  
"Mathematical Models f o r  P r e d i c t i o n  of P o l l u t a n t  Formation 
During Combus t ion'" 
What i s  Needed 
A mathematical model i s  needed t h a t  w i l l  allow t h e  r e sea rche r  t o  d s t e r -  
mine which v a r i a b l e s  a r e  t h e  most c r i t i c a l  t o  p o l l u t a n t  formation during 
combustion. 
Background 
One of t h e  o b j e c t i v e s  of APCO personnel  i n  t h e  Div is ion  of Process  
Control  Engineering i s  t o  c o n t r o l  emissions of n i t r o g e n  oxides  and 
combustion p a r t i c u l a t e s  (carbon, hydrocarbons, e t c . )  by modi f ica t ion  
o r  c o n t r o l  of t h e  combustion of f o s s i l  f u e l s  i n  domestic,  commercial, 
and i n d u s t r i a l  b o i l e r s .  S p e c i f i c  i n t e r e s t  i s  i n  coa l ,  o i l ,  and gas  
burning systems. Experiments conducted by APCO personnel  have shown 
t h a t  v a r i a b l e s  which a f f e c t  p o l l u t a n t  formation dur ing  combustion are 
f u e l  a tomiza t ion ,  evapora t ion ,  o r  p a r t i c l e  s i z e  burner  and combustion 
chamber design; chamber ma te r i a l s ;  f  u e l l a i r  r a t i o ;  flame temperature; and 
turbulence.  
Because of t h e  l a r g e  number of v a r i a b l e s ,  t h e  r e sea rche r  would l i k e  t o  
determine which of t h e  v a r i a b l e s  a r e  t h e  most c r i t i c a l  t o  p o l l u t a n t  
formation. This  can be  accomplished by a mathematical model which 
desc r ibes  t h e  combust i on  process .  Although such a model w i l l  probably 
r e q u i r e  many s imp l i fy ing  assumptions, i t  should b e  a b l e  t o  p r e d i c t  the 
e f f e c t s  of numerous c r i t i c a l  v a r i a b l e s  on t h e  temperature,  concent ra t ion ,  
and v e l o c i t y  p r o f i l e s  w i t h i n  t h e  flame. In  a d d i t i o n  t o  a mathematical 
model, experimental  r e s u l t s  which can provide  s i m i l a r  in format ion  sought 
through a mathematical model would be  of i n t e r e s t .  
Cons t r a in t s  and S p e c i f i c a t i o n s  
Maximum combustion temperatures  of i n t e r e s t s  a r e  less than 2000°F and 
information should b e  confined t o  l iquid-vapor  o r  sol id-vapor  systems. 
C h a r a c t e r i s t i c s  of Relevant Technology 
Mathematical models, experimental  d a t a ,  and b a s i c  computer programs devel- 
oped by t h e  Interagency Chemical Rocket Propulsion Group (ICRPG) which wi-11 
a l low t h e  r e sea rche r  t o  r e l a t e  v a r i a b l e s  a f f e c t i n g  combustion t o  p o l l u t a n t  
formation would b e  app l i cab le .  
For More I n f o r m a t i o n ,  Contac t :  
M r ,  C l i f f o r d  E. Decker 
Research T r i a n g l e  I n s t i t u t e  
P, 0 ,  Box 12194 
Research T r i a n g l e  Park 
North C a r o l i n a  27709 
919-549-8311, Ext .  391 
RTI/AP-68 
January BeB71 
P R O B L E M  S T A T E M E N T  
1 1  Development of a  Model Tox ic i ty  Tes t ing  System" 
What i s  Needed 
A model t o x i c i t y  t e s t i n g  system i s  needed which would al low f o r  predicting 
long-term h e a l t h  e f f e c t s ,  due t o  i n h a l a t i o n  of o r  o t h e r  exposure to environ- 
menta l  p o l l u t a n t s ,  from experimental  short- term exposures.  
Background 
Within t h e  B io log ica l  Research Branch, Div is ion  of Heal th E f f e c t s  Research 
of t h e  A i r  P o l l u t i o n  Control  Of f i ce ,  a  broad scope of environmental pollution 
agents  inc luding  s u l f u r  ox ides ,  n i t r o g e n  oxides ,  carbon monoxide, automobile 
exhaus t ,  s imula ted  smog, l e a d ,  and cadmium a r e  being i n v e s t i g a t e d  to d e t e c t  
and e v a l u a t e  t h e i r  t o x i c o l o g i c a l  e f f e c t s  on b i o l o g i c a l  systems. Various 
animal s p e c i e s  a r e  exposed t o  i n d i v i d u a l  o r  combined p o l l u t a n t s  and func- 
t i o n a l  parameters  of va r ious  body systems such a s  r e s p i r a t o r y ,  ca.rdiovascuRar, 
r e n a l ,  endocrine,  hematopoiet ic  and reproduct ive  a r e  measured t o  assess 
b i o l o g i c a l  e f f e c t s .  
O f  u l t i m a t e  i n t e r e s t  i n  environmental toxicology i s  t h e  e f f e c t ( s )  s f  long- 
term exposure t o  r e l a t i v e l y  low l e v e l s  of p o l l u t a n t s  ( o r  o t h e r  "'stress"8), 
a s  happens i n  t h e  community. The l a r g e  number of environmental f a c t o r s  
( inc luding  p o l l u t a n t s )  and b i o l o g i c a l  e f f e c t s  c r i t e r i a  make i t  imprac t i ca l  
t o  perform long-term experimental  animal s t u d i e s  f o r  each p o s s i b l e  com- 
b i n a t i o n  o r  t e s t  s i t u a t i o n .  Therefore,  t h e  r e sea rche r  i s  i n t e r e s t e d  i n  
developing a  model t o x i c i t y  t e s t i n g  system t o  reduce t h e  t ime and effort 
r equ i r ed  t o  eva lua t e  (or  p r e d i c t )  long-term e f f e c t s ,  i . e . ,  t o  e l i m i n a t e  i f  
p o s s i b l e  o r  reduce t h e  need f o r  t r u l y  long-term experimental  s t u d i e s ,  
In  t h e  p a s t  some experiments have shown u s e f u l  r e l a t i o n s h i p s  among p e r o r a l  
t o x i c i t y  s t u d i e s  of varying du ra t ion .  This  would sugges t  t h a t  s i m i l a r  
c o r r e l a t i o n s  may e x i s t  f o r  i n h a l a t i o n  o r  o t h e r  t o x i c i t y  s t u d i e s  of short- 
t e r m ,  i n  r e l a t i o n  t o  long-term, experimentat ion.  Any modeling of chis  type, 
o r  r e s u l t s  f r ~ m  o t h e r  s t u d i e s  lending themselves t o  such modeling, would b e  
of i n t e r e s t  t o  t h e  r e sea rche r .  
To re-emphasize, t h e  o b j e c t i v e  i s  t o  develop a  model t o x i c i t y  ( e s p e c i a l l y  
i nc lud ing  b u t  n o t  l i m i t e d  t o  i n h a l a t i o n )  t e s t i n g  system--perhaps involving 
a series of r e l a t i v e l y  s h o r t  bu t  g r a d i e n t l y  lengthening du ra t ions  obsewing  
w e l l  chosen parameters--which would enable  reasonable  p r e d i c t i o n  of longer 
term-lower l e v e l  adverse  e f f e c t  o r  t o x i c  hazard from a p p l i c a t i o n  of the 
s h o r t e r  term-higher l e v e l  r e s u l t s .  
Cons t r a in t s  and S p e c i f i c a t i o n s  
The model should b e  a s  d i r e c t l y  a s  p o s s i b l e  a p p l i c a b l e  t o  e n v i r o ~ m e n t a l  
t o x i c i t y  s t u d i e s ,  and i t  would p r e f e r a b l y  have been eva lua ted  using a c t u a l  
t e s t  r e s u l t s  (bu t  i n  absence  of proved d a t a ,  c o n t r i b u t o r y  i n f o r m a t i o n ,  o r  
s u g g e s t i o n s  s u i t a b l e  f o r  t e s t i n g ,  would b e  h e l p f u l ) .  
C h a r a c t e r i s t i c s  of Re levan t  Technology 
S c i e n t i f i c  s t u d i e s  of t h e  b i o l o g i c a l  e f f e c t s  of exposure  t o  env i ronmenta l  
p o l l u t a n t s  ( i n c l u d i n g  i n h a l a t i o n  o r  i n g e s t i o n  of a tmospher ic  a g e n t s )  on 
peop le  a n d / o r  an imals  would b e  a p p l i c a b l e  t o  t h i s  problem. 
Refe rences  
CarroL S. Weil ,  " R e l a t i o n s h i p  of R e s u l t s  of Long-Term T o x i c i t y  S t u d i e s  t o  
Those of S h o r t e r  D u r a t i o n , "  i n  t h e  Proceed ings  of t h e  4 t h  Annual Conference 
on Atmospheric Contamination i n  Confined Spaces (September, 1968) ,  
For  F u r t h e r  I n f o r m a t i o n ,  Contac t :  
M r .  F r a n k l i n  Smith 
Research T r i a n g l e  I n s t i t u t e  
P ,  0, Box 12194 
Research T r i a n g l e  Park  
North  C a r o l i n a  27709 
919-549-8311, Ext .  514 
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P R O B L E M  S T A T E M E N T  
"Bio-Medical ~ e l e m e t r y "  
What is  Needed 
A m u l t i c h a n n e l  b i o t e l e m e t r y  sys tem ( i n c l u d i n g  s e n s o r s ,  s i g n a l  c o n d i t t o n -  
i n g  e l e c t r o n i c s ,  and p r o c e s s i n g  equipment) p r o v i d i n g  f o r  such  p r imary  
i n f o r m a t i o n  channe l s  a s  c o r e  t e m p e r a t u r e ,  b lood f low v e l o c i t y ,  b lood  
p r e s s u r e ,  t ranspulmonary p r e s s u r e ,  and r e s p i r a t o r y  f l o w  i s  needed f o r  
remote  moni to r ing  of u n r e s t r a i n e d  an imals .  
Background 
The B i o l o g i c a l  Research Branch i n  t h e  D i v i s i o n  of Hea l th  E f f e c t s  Researcb 
of t h e  A i r  P o l l u t i o n  C o n t r o l  O f f i c e  conduc t s  s y s t e m a t i c a l  l a b o r a t o r y  
r e s e a r c h  t o  d e t e c t  and e v a l u a t e  t o x i c o l o g i c  e f f e c t s  of a i r  p o l l u t i o n  on 
b i o l o g i c  sys tems.  To t h i s  end v a r i o u s  mammalian a n i m a l s p e c i e s  are used 
a s  e x p e r i m e n t a l  models,  t h u s  p e r m i t t i n g  o b s e r v a t i o n s  n o t  p o s s i b l e  i n  
human s u b j e c t s .  
T o x i c o l o g i c  e f f e c t s  a r e  determined b y  measur ing f u n c t i o n a l  pa ramete rs  of 
s p e c i f i c  body systems (such a s  r e s p i r a t o r y  and v a s c u l a r )  u t i l i z i n g  sephis- 
t i c a t e d  methodology. It i s  b e l i e v e d ,  however, t h a t  g r e a t l y  improved, 
more r e a l i s t i c  p h y s i o l o g i c a l  i n f o r m a t i o n  can b e  r e a l i z e d  th rough  appl ica--  
t i o n  of advanced b i o t e l e m e t r y  t echn iques .  
The r e s e a r c h e r  i s  f a m i l i a r  w i t h  b i o t e l e m e t r y  sys tems such  as t h o s e  d i s -  
cussed  i n  t h e  r e f e r e n c e s ,  and f o r  some t i m e  h a s  been u s i n g  commercially 
a v a i l a b l e  sys tems i n  h i s  r e s e a r c h .  He i s  a c t i v e l y  p u r s u i n g  t h e  develop- 
ment and a p p l i c a t i o n  of new s e n s o r s  and m u l t i c h a n n e l  t r a n s m i t t i n g  equip-- 
ment f o r  s imul taneous  m o n i t o r i n g  of m u l t i p l e  channe l s  of i n f o r m a t i o n  
i n c l u d i n g  some measurements n o t  y e t  a t t e m p t e d  o r  p e r f e c t e d  b u t  poten-  
t i a l l y  v e r y  u s e f u l .  For example, long-term r e l i a b l e  i m p l a n t a b l e  s e n s o r s  
f o r  measur ing t ranspulmonary p r e s s u r e ,  t r a c h e a l  r e s p i r a t o r y  f low,  and  
b lood  v e l o c i t y  and /or  f low i n  u n r e s t r a i n e d  an imals  i s  of paramount 
i n t e r e s t  t o  t h e  r e s e a r c h e r .  Also,  r e c e n t  developments i n  mul t i channe l  
s i g n a l  c o n d i t i o n i n g  and p r o c e s s i n g  equipment a r e  of i n t e r e s t .  
The s u c c e s s f u l  a p p l i c a t i o n  of a e r o s p a c e  technology t o  t h e  r e a l i z a t i o n  
of t h i s  sytem o r  any component of t h e  sys tem w i l l  r educe  t h e  r e s e a r c h  
c o s t s  of t h e  APCO i n  deve lop ing  such a  system. 
C o n s t r a i n t s  and S p e c i f i c a t i o n s  
The sys tem must b e  compact ( m i c r o m i n i a t u r e ) ,  long- l ived  (months o r  years), 
and be  compat ib le  w i t h  body t i s s u e s  when s u r g i c a l l y  i n s t a l l e d  completeby 
w i t h i n  t h e  an imal  ( t h e  whole sys tem may b e  implanted o r  j u s t  t h e  s e n s o r s  
implanted w i t h  t h e  e l e c t r o n i c s  a t t a c h e d  t o  t h e  an imal  as t h e  s i t u a t i o n  
d i c t a t e s ) .  The t r a n s m i t t i n g  d i s t a n c e  must b e  a t  l e a s t  1 0  f e e t  and pre-  
f e r a b l y  up t o  100 f e e t .  
C h a r a c t e r i s t i c s  of Relevant Technology 
Plicrominiature mult ichannel  te lemet ry  systems w i t h  min ia tu re  implantaw-e 
senso r s  f o r  gas o r  f l u i d  flow, temperature and p r e s s u r e  measurements would 
b e  a p p l i c a b l e  t o  t h i s  problem. 
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This l i s t  of r e f e rences  is  i n d i c a t i v e  of t h e  r e s e a r c h e r ' s  knowledge of 
b io t e l eme t ry  sys  tems. 
For More Information,  Contacr: 
M r .  F r ank l in  Smith 
Research Tr i ang le  I n s t i t u t e  
P. 0 .  Box 12194 
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North Caro l ina  27709 
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P R O B L E M  S T A T E M E N T  
R T I ~ E - 7 1  
January 1979 
"Instrumental Techniques f o r  Analysis of Formaldehyde i n  
Ambient A i r  and Auto Exhaust" 
What is Needed 
A s p e c i f i c ,  non-wet chemical technique i s  needed f o r  the  measurement of 
p a r t  -per -mi l l ion  l e v e l s  of formaldehyde i n  ambient a i r  and auto exhaust. 
Background 
Formaldehyde (HCHO) has been shown t o  be an eye i r r i t a n t  and t o  take 
p a r t  i n  photochemical r eac t ions  i n  t h e  atmosphere. Its r o l e  i n  smog 
formation and i t s  f a t e  i n  the  atmosphere, however, a r e  not  completely 
understood a t  t h i s  time. The major source of atmospheric HCHO is  the 
automobile. Control techniques proposed t o  reduce hydrocarbon eimissions 
i n  auto exhausts may cause a s i g n i f i c a n t  increase  i n  HCHO emissions. 
Thus, the  r o l e  of HCHO a s  an a i r  po l lu tan t  would be  accentuated, 
A t  t he  present  t i m e ,  manual o r  automated, wet-chemical techniques are 
used t o  monitor HCHO i n  the  ambient a i r  and auto exhausts.  These methods 
a r e  cumbersome, t i m e  consuming, and subject  t o  in te r fe rences -  A reliable, 
r e a l  t i m e  instrumental  technique which i s  s p e c i f i c  f o r  HCHO i s  needed, 
Constraints  and Speci f ica t ions  
An acceptable instrumental  technique must opera te  on a non-wet chemical 
pr inc ip le ,  cos t  less than $5,000, have a s e n s i t i v i t y  of 0.01 ppm, and 
be  capable of measuring HCHO i n  ambient a i r  and auto  exhaust i n  the  
following ranges: (1) ambient a i r  (0.01-0.5 ppm) , (2) auto  exhaust 
(0.1-100 ppm) . 
Charac te r i s t i c s  of Relevant Technoloev 
Spectroscopic (IR, W,  microwave), luminescent, electrochemica& and Rae 
chromatographic techniques would be appl icable  t o  the  so lu t ion  of this 
problem . 
For Further Information, Contact 
M r .  Cl i f ford  E. Decker 
Research Triangle I n s t i t u t e  
P. 0. Box 12194 
Research Triangle Park 
North Carolina 27709 
919-549-8311 Ext. 391 
P R O B L E M  S T A T E M E N T  
RTI /AP-72 
January 1471 
"Storage of Carbon Monoxide a t  Low Levels" 
What i s  Needed 
- 
Methods f o r  s t o r a g e  and p re se rva t ion  of s tandard  concent ra t ions  of carbon 
monoxide (CO) a t  low l e v e l s  (< 10 ppm) a r e  needed f o r  c a l i b r a t i o n  of 
ins t rumenta t ion  used i n  measuring ambient l e v e l s  of CO. 
Background 
Continuous measurement of t h e  concent ra t ion  of minor atmospheric con- 
s t i t u e n t s  is  requi red  i n  t h e  s tudy  and c o n t r o l  of atmospheric p o l l u t a n t s .  
State-of- the-ar t  ins t rumenta t ion  has  been developed f o r  measuring ambient 
l e v e l s  of carbon monoxide (CO) i n  t h e  range 0-1 ppm without  d i f f i c u l t y ,  
To accu ra t e ly  monitor o r  measure CO a t  l e v e l s  l e s s  than  1 ppm, a s  would 
be encountered i n  marine environments and elsewhere,  one must have stab 'e ,  
accu ra t e  concent ra t ions  of CO f o r  c a l i b r a t i o n  purposes.  This  requiremeat 
i s  a l s o  j u s t  a s  important when r o u t i n e l y  monitor ing CO i n  urban areas, a t  
l e v e l s  from 0-20 ppm, a s  i s  done i n  APCO1s CAMP S t a t i o n s  (  continua^.^^ 
A i r  Monitoring Program). I n a c c u r a c i e s  and i n s t a b i l i t y  of c a l i b r a t i o n  
s tandards  a r e  problems t h a t  s e r i o u s l y  a f f e c t  t h e  v a l i d i t y  and accuracy of 
t h e s e  measurements. 
C a l i b r a t i o n  mixtures  of CO i n  a i r  can be  purchased i n  cy l inde r s  from gas 
s u p p l i e r s  wi th  a c e r t i f i c a t e  of a n a l y s i s  of CO conten t  v i a  i n f r a r e d  analys is  
(40-meter c e l l  path l e n g t h ) .  S t a b i l i t y  and maintenance of t h e  c a l i b r a t L o ~  
mixture i n  t h e  c y l i n d e r ,  however, i s  a problem. The r e sea rche r  has experi- 
enced a 50-percent  decrease  i n  t h e  CO concen t r a t ion  i n  a cy l inde r  wit'hhir? 
fou r  months. Cylinder w a l l  l o s s e s  a r e  suspected t o  be  r e spons ib l e  for 
t h i s  decrease .  S t a b i l i t y  and maintenance of t h e  i n t e g r i t y  of t h e  c a b i b r a -  
t i o n  mixture i s  of prime importance i n  measuring background l e v e l s  of CO, 
Information r e l a t i n g  t o  t h e  l o s s  mechanisms of CO i n  cy l inde r s  would a l s o  
be  d e s i r a b l e .  
Cons t r a in t s  and S p e c i f i c a t i o n s  
Information should b e  r e s t r i c t e d  t o  s t o r i n g  and preserv ing  CO concen t r a t ioas  
l e s s  than 10 ppm. S torage  con ta ine r s  should b e  r e l a t i v e l y  inexpensive,  
C h a r a c t e r i s t i c s  of Relevant Technology 
Date r e l a t i n g  t o  r e a c t i o n s  of CO i n  p re s su r i zed  c y l i n d e r s ,  s t o r a g e  methods, 
and con ta ine r s  f o r  prevent ing degrada t ion  of c a l i b r a t i o n  mixtures  would be 
app l i cab le  t o  t h e  s o l u t i o n  of t h i s  problem. 
For Fur ther  Information,  Contact 
M r .  C l i f f o r d  E .  Decker 
Research Tr i ang le  I n s t i t u t e  
P .  0 .  Box 12194 
Research Tr i ang le  Park 
North Carol ina 27709 
919-549-8311 Ext.  391 
RTZ/AP--76 
March I971 
P R O B L E M  S T A T E M E N T  
"Polymeric Ma te r i a l  f o r  Ex t r ac t ion  of Su l fu r  Dioxide from High 
Temperature S tack  Gases" 
What i s  Needed 
A polymeric m a t e r i a l  f o r  e x t r a c t i o n  of s u l f u r  d ioxide  from s t a c k  
e f f l u e n t s  i s  needed i n  o rde r  t o  develop a  continuous source  moni tor ,  
Background 
The Clean A i r  Act s t a t e s  t h a t  i ndus t ry  w i l l  have t o  demonstrate that Zhey 
a r e  i n  compliance when and i f  n a t i o n a l  emission s tandards  a r e  adopteo,  
To meet t h i s  requirement and t o  eva lua t e  t h e  ope ra t ion  of c o n t r o l  equip- 
ment, ins t rumenta t ion  i s  needed f o r  continuous in-s tack  monitorirag of 
i n d u s t r i a l  e f f l u e n t s .  Ins t rumenta t ion  p r e s e n t l y  a v a i l a b l e  f o r  ananiter2ng 
gaseous p o l l u t a n t s ,  such a s  s u l f u r  d ioxide  (SO ) i n  s t a c k  environments,  2 is  s u b j e c t  t o  and a f f e c t e d  by h o s t i l e  environmental cond i t i ons ,  such as 
high temperatures ,  s o o t ,  f l y a s h ,  humidi ty,  and excess ive  concen t r a t i i - I  3.f 
an i n t e r f e r i n g  gas .  Equipment designed t o  circumvent t h e s e  conCSLi*LIo~s 
f o r  continuous monitoring has proven t o  be cumbersome, f r a g i l e ,  expansive, 
and gene ra l ly  inadequate .  Manual e x t r a c t i o n  and subsequent a n a l y s i s  a? 
t h e  sample has s t i l l  proven supe r io r .  A need e x i s t s  f o r  a  s imple rneaas 
whereby a  r e p r e s e n t a t i v e  sample of SO2 may b e  cont inuously ex t r ac red  from 
a s t a c k  and de l ive red  t o  an a n a l y t i c a l  instrument  which i s  p ro t ec t ed  
from t h e  s t a c k  environment. A system f o r  ob ta in ing  s a i d  sample n a s  bee71 
proposed by APCO resea rche r s  and c o n s i s t s  of a  permeable polymeric r u b e ,  
which can be i n s e r t e d  i n  t h e  s t a c k ,  and a  supply of c l e a n ,  dry dilczn: a i r  
which i s  passed through t h e  tube .  Su l fu r  d ioxide  would permeate a - h r c ~ ~ g i - ~  
t h e  tube  w a l l  due t o  t he  concent ra t ion  g rad ien t  provided by t h e  e ? ~  
p a r t i a l  p re s su re  of t he  p o l l u t a n t  i n  t h e  s t a c k  and be  d i l u t e d  by a metered 
volume of dry  a i r  t o  a  lower concent ra t ion  which can then  b e  measure: by 
ambient a i r  monitors .  The ambient a i r  monitor is  maintained a t  rooit cem- 
pe ra ru re .  P a r t i c u l a t e s ,  humidity,  and temperature e f f e c t s  of the samu Le 
on t h e  instrument  a r e  t hus  minimized. 
The r e sea rche r  needs information regard ing  s u i t a b l e  thin-walled pnlymaric 
m a t e r i a l s  f o r  i n s e r t i o n  i n t o  and e x t r a c t i o n  of a r e p r e s e n t a t i v e  sampbc 
from a s t a c k  o r  chimney. The permeation r a t e  through the  tube  w a l l  i* 
a f f e c t e d  by opera t ing  temperature,  w a l l  t h i c k n e s s ,  and e f f e c t i v e  area of 
t h e  tube.  These f a c t o r s ,  wi th  t h e  except ion of ope ra t ing  temperature,  
w i l l  be  he ld  cons tan t .  It i s  a n t i c i p a t e d  t h a t  t h i s  device  w i l l  be used 
t o  monitor a  v a r i e t y  of sou rces ,  (e.g. power p l a n t s ,  i n d u s t r i a l  pro- 
ce s ses ,  i n c i n e r a t o r s ,  e t c , ) ,  s o  t h a t  t h e  ope ra t ing  temperature encountered 
may vary over a  cons iderable  range.  The v a r i a t i o n  of ope ra t ing  temperature 
f o r  a  s p e c i f i c  source  probably w i l l  n o t  be  more than  + 50°F under r a n ~ ~ ~ ; , a ~  
- 
opera t ions ,  
Cons t r a in t s  and S p e c i f i c a t i o n s  
A s u i t a b l e  polymeric m a t e r i a l  must be  chemically i n e r t ,  be permeable t o  
s u l f u r  d ioxide  and e x h i b i t  high thermal  s t a b i l i t y  over t h e  range 100" tc 
1000°F f o r  extended per iods  of t ime. 
C h a r a c t e r i s t i c s  of Relevant  Technology 
Polymeric m a t e r i a l s  developed by NASA f o r  space a p p l i c a t i o n s  would b e  
a p p l i c a b l e  t o  t h e  s o l u t i o n  of t h i s  problem. 
For Fu r the r  Informat ion ,  Contact 
- 
M r .  C l i f f o r d  E .  Decker 
Research T r i a n g l e  I n s t i t u t e  
P. 0. Box 12194 
Research T r i a n g l e  Park 
North Caro l ina  27709 
919-549-8311 EX%. 391 
